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IFIP - The International Federation for Information Processing 

IFIP was founded in 1960 under the auspices of UNESCO, following the First World 
Computer Congress held in Paris the previous year. An umbrella organization for societies 
working in information processing, IFIP’s aim is two-fold: to support information processing 
within its member countries and to encourage technology transfer to developing nations. As 
its mission statement clearly states, 

IFIP’s mission is to be the leading, truly international, apolitical organization which 

encourages and assists in the development, exploitation and application of information 

technology for the benefit of all people. 

IFIP is a non-profitmaking organization, run almost solely by 2500 volunteers. It operates 
through a number of technical committees, which organize events and publications. IFIP’s 
events range from an international congress to local seminars, but the most important are: 

• the IFIP World Computer Congress, held every second year; 

• open conferences; 

• working conferences. 

The flagship event is the IFIP World Computer Congress, at which both invited and 
contributed papers are presented. Contributed papers are rigorously refereed and the rejection 
rate is high. 

As with the Congress, participation in the open conferences is open to all and papers may 
be invited or submitted. Again, submitted papers are stringently refereed. 

The working conferences are structured differently. They are usually run by a working 
group and attendance is small and by invitation only. Their purpose is to create an atmosphere 
conducive to innovation and development. Refereeing is less rigorous and papers are 
subjected to extensive group discussion. 

Publications arising from IFIP events vary. The papers presented at the IFIP World 
Computer Congress and at open conferences are published as conference proceedings, while 
the results of the working conferences are often published as collections of selected and 
edited papers. 

Any national society whose primary activity is in information may apply to become a full 
member of IFIP, although full membership is restricted to one society per country. Full 
members are entitled to vote at the annual General Assembly, National societies preferring a 
less committed involvement may apply for associate or corresponding membership. Associate 
members enjoy the same benefits as full members, but without voting rights. Corresponding 
members are not represented in IFIP bodies. Affiliated membership is open to non-national 
societies, and individual and honorary membership schemes are also offered. 
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Preface 



For many years, production management has no more been confined to individual 
production facilities. Intensive co-operation with suppliers has become an integral 
part of production management. In recent years, two further developments gained 
ground. On one hand, enterprises have been specializing and concentrating on their 
core competencies with outsourcing as a consequence, on the other side globali- 
zation has widened the range of choice among suppliers. Increased dependence on 
suppliers asks for new forms of collaboration. Intensive partnerships between many 
enterprises demand a new quality of co-operative ventures. Strategic and legal 
issues have to be considered and production management has to include 
sophisticated logistic chain management. These developments have lead to the 
concept of the "Extended Enterprise". 

Specific problems may arise due to fast changing market requirements. Partnerships 
may have to be formed and dissolved in a very short time: "Agility" is the relevant 
keyword. Partnerships may be limited to specific products or components. 
Increasingly an enterprise may be part of several logistics partnerships, which 
constitute together a complicated network. "Virtuality" has become the keyword for 
this trend. 

But many questions remain to be answered in order to successfully stand up to the 
challenge offered by those developments. How to establish and maintain efficient 
ways of co-operation with many partners? How to repeatedly modify the structures 
of an enterprise in a rapidly changing environment? How to improve overall 
operational effectiveness in order to enhance industrial competitiveness on a world 
scale? 

The 1997 IFIP WG 5.7 Working Conference on “Organizing the Extended 
Enterprise” in Ascona, Switzerland (September IS^'^-IS^*^ 1997) was expected to 
discuss those and related problems and also to provide some answers to enterprises 
confronted with these issues. 

The conference was organized by the Institute for Industrial Engineering and 
Management (BWI) of the Swiss Federal Institute of Technology (ETH) Zurich. In 
Switzerland BWI constitutes a major link between academic research and industrial 
application of principles of production management. Applied research is, therefore, 
one of the main activities of BWI and it provides also the background for its 
teaching. 

Accordingly, it was our concern for this IFIP WG5.7. conference to attract papers 
also of interest to managers in industry. We therefore encouraged the presentation 
of papers on conceptual level research studies and of applications in industry. Many 
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papers did present cases of co-operation of research institutions and industry. So 
we hope that this book will find some readers in industry. 

This book is the collection of the papers according to the presentations during the 
conference. Since the papers were written several months before the conference, 
authors had the opportunity to rework their papers after the conference, not only to 
include new aspects of their research but also to respond to the discussion with the 
audience after the presentation. 

The aim of this conference was the extended enterprise. We were not completely 
successful in focusing only on this theme. In order to fill the time frame of the 
conference we had to accept abstracts which, although promising truly interesting 
papers, had only minor relations to the Extended Enterprise. The book’s framework 
takes this into account and presents the papers not necessarily in the order of the 
conference presentations but rather arranged according to their relevance to the 
conference theme. 

We would like to thank the members of IFIP Working Group 5.7 for their support 
in reviewing and selecting the papers. All conference participants contributed to the 
discussions and other activities. We would like to acknowledge the effort of all 
authors for papers and presentations of such high quality. 

We specially appreciated the keynote speeches: of IFIP President Prof Dr. Kurt 
Bauknecht and of Prof Dr. Kenneth Preiss. Prof Preiss was present during most of 
the sessions. With his active participation in discussions during and after the 
sessions, he contributed largely to the success of the conference. 

The conference was sponsored by the Swiss Federal Institute of Technology Zurich 
and Swissair, and supported by the Federal Commission for Technology and 
Innovation, Bern. We thank all organizations for their substantial assistance. We 
would also like to express our gratitude to two companies that invited the 
participants to their facilities for post-conference tours: AGIE-Charmilles at Losone 
and Schindler Elettronica at Locarno. 

Last but not least we would like to thank the members of the organizing committee, 
Sabine von Vivis, Dr. Fabio Frigo-Mosca, and Karsten Schierholt, who took care of 
the local arrangements and the conference tour, all administrative matters, the 
correspondence with authors that finally led to this book, and many more things. 
We also thank the large number of student assistants who helpftxlly supported the 
organization committee. 



Zurich, March 1998 



Prof. Dr. A. Buchel 



Prof Dr. P. Schdnsleben 




Welcome Address 

by Prof. Dr. Eero Eloranta 
Chairman of IFIP WG 5.7. 
“Computer Aided Production Management” 



The extended enterprise is one of the recent phrases depicting the global trends and 
needs for industrial evolution. Basically, the concept of the extended enterprise 
emphasizes cross boundary co-operation. The message is simple and clear. Without 
deep co-operation no single company can prosper. Neither small, local SME’s, nor 
huge, global players can survive on their own. 

The essence of the extended enterprise is straightforward: deep co-operation opens 
opportunities for fast, efficient and reliable fulfillment of end customer needs 
throughout the whole demand chain. Even though some research communities call 
this phenomenon as “virtual enterprise”, the fundamentals of this phenomenon is 
nothing but virtual: it is the question of tangible phenomena with tangible returns. 
The fact that information and communication technologies are preconditions for the 
success of the implementation of the concept, does not, however, imply that the 
underlying rationality where about virtual reality, but the true reality itself 
The implications of the extended enterprise towards production management are 
manifold. They range from highly strategic issues, strategic alliances and consortia, 
down to practicalities such as the management of joint schedules and inventory 
buffers. This working conference has been created and launched for enhancing the 
ideas of the extended enterprise. We have collected here to share our visions, 
approaches, methods, tools and experiences. 

This beautiful conference venue provides us excellent surroundings to meet the 
challenges of tomorrow. This particular conference center of Stefano Franscini 
located in Monte Verita, Ascona, Ticino will put our joint efforts in perspective. 
We are not the very first people to get together here. The creative community of 
philosophers, sociologists, psychologists and writers have discovered this lovely 
village long before any of us were bom. 

My dear friends, let’s get together here for the coming three days to expose and 
share some innovative results of our community in order to create something for the 
future, useful or not today, it does not matter, but definitely valuable tomorrow! 
With these words I shall hereby take the liberty to thank the Conference chairmen. 
Professors Alfred Biichel and Paul Schonsleben, plus the vast groups of other 
individuals having worked locally here in Switzerland and globally in the 
International Program Committee for all your valuable preparatory work for the 
benefit of this conference. The whole IFIP community, myself in particular, deeply 
appreciates your efforts. 




X 



Welcome Address 



I shall hereby, on the behalf of IFIP WG 5.7, give my greetings to this conference 
and wish excellent contributions. The table is ready for us to enjoy, it is now up to 
us, the participants, to enjoy the fruits of hard preparatory work that has been 
carried out for several years in advance. This conference will definitely be a great 
success. 



Ascona, September 1997 
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The Emergence of the Interprise 



K, Preiss 

Sir Leon Bagrit Professor of Global Competitiveness, 
Schools of Management and Engineering, 

Ben Gurion University, Israel, and 
Agility Forum, Lehigh University, USA, 
preiss@bgumail bgu. ac. il 



Abstract 

Industrial competition is advancing from being between individual companies, to 
being between extended enterprises, in an environment which is agile, constantly 
changing in unpredictable directions. The reasons for this are several, but they all 
converge on the same result, that competitive pressures for reduced prices, and 
better customer-centered quality and functionality, force companies to interact 
intensively. This development in turn, is having a profound effect on management 
and structure both within and between companies, because the extended enterprise 
has evolved into a single system with real-time interactions between companies. 
The individual enterprise, which is international and interactive in the culture of the 
internet, has been termed the Interprise. This paper reviews these trends and shows 
emerging models for the new structure. 

Keywords 

Agility, extended-enterprise, interprise, globalization, competitiveness, supply- 
chain, customer-relations 



1 THE DRIVERS OF CHANGE TO THE INTERPRISE 

The industrial competitive environment is changing under the influence of a 
number of inexorable influences. These include: 
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Ubiquitous availability and distribution of information 
A most profound change over the last decade in both working environment and the 
lifestyle has been the proliferation of communication technology. Not only do more 
people have radios and television than are literate, but this technology has engulfed 
much of the planet. The phenomenon of instant news has created unprecedented 
new challenges. In industry, new designs and production instructions are passed 
around the planet at the speed of light. For the military, the knowledge that 
operations are now often carried out in view of the worlds’ TV cameras has 
changed operational planning. For foreign offices in many countries, CNN and Sky 
have become primary sources of information in emergencies. In many families and 
schools, children are more familiar with internetworking than are the adult parents 
and teachers who are nominally more knowledgeable. Encyclopedias and databases 
are going on-line, often using web technology, at bewildering speed. Information 
which a few years ago was hard to find has now become rapidly accessible on the 
internet web using increasingly sophisticated search engines. A few hours after the 
pictures of Mars became available, they were put on web sites around the world, 
and within one day over a million ‘hits’ were made on those sites. Never in human 
history have we been able to distribute so much information to so many people so 
directly and rapidly. Almost anyone can make information available, and the user 
can ‘pull’ the information he or she wants, without requiring ‘push’ from the 
supplier. 

Rapid proliferation of education 

Allied to the expanding use of communication and universal accessibility to infor- 
mation, but not only because of those reasons, is the rapidly increasing number of 
educated, technologically proficient, people in the world. In many countries which 
the news media paint as undeveloped, there are technically competent people who 
can use modem computers and machines to develop and manufacture quality, high- 
technology, products. Examples are the ability of the Iraqis to produce nuclear 
weapons more quickly than the West had thought possible, or the ability of the 
Chinese to manufacture by copying not only diskettes and compact disks, but also 
Jeeps and other engineered products. The rapid industrial rise of countries like 
China and India is evidence of the spread of education. 

Accelerating pace of change in technology 

Technological developments beget other technological developments, and the pace 
of these developments therefore increases exponentially. It took 35 years for 10 
million people to be connected to the telephone. For 10 million people to get 
connected to the world- wide-web took 1.25 years. This exponential change of 
technology penetrates every activity, from consumer music to industrial production 
machines, and is clearly visible to everyone. 
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Expanding access to new technology 

Not only is new technology developed ever more quickly, but that technology is 
made available more rapidly around the world. The expanding availability of 
education and information, together with the exponential development of new 
technology, lead to reduced unit prices for technological capability, and that 
technology can be economically accessed by knowledgeable people. The printing 
industry is an example. A little-qualified person using today’s desk-top computer- 
ized publishing facility can do specialized customized design and publication work, 
which in the days of the lead type and big printing presses, would have been quite 
impossible. The capability of a $500,000 machine tool of 15 years ago is now 
available for less than $50,000; a $1,000 desktop computer today has more power 
than a $100,000 computer 10 short years ago. This decreased cost per unit of 
activity, augmented by the spread of education and communication, and the 
opportunities afforded by the globalization of industrial markets, is allowing many 
energetic people, previously held back by geography and economic barriers, to join 
the world’s entrepreneurs. 

Globalization of markets and business competition 

Accompanying all the changes mentioned before is an opening up of the world to a 
globalized marketplace. Suppliers and customers can more easily look further afield 
than before, for business. In one sense, it can be thought that the political actions 
which reduce barriers and open up the world to commence do no more than follow 
the lead of technology and especially communication. So long as there is not 
reversion to systems of extreme isolation and balkanization, which is always an 
incipient danger, technology does indeed force globalization. 

Changing meanings of words and concepts 

Weizenbaum (1977) wrote ‘Tools shape man’s imaginative reconstruction of 
reality’. That has always been so. The creations of the visual and performing arts 
follow not only from the tools, but also from the concepts of technology. The 
defining technologies of the 20'^ century were mechanical; everyday conversation, 
news reports and talk shows use mechanical metaphors, such as to ‘push the gas 
pedal’, to ‘overhaul’, to ‘mesh with’ and so on. The defining technology of the this 
decade and the next is communication technology. Management systems of the 20"" 
century focussed on making the company seen as a machine, efficient. Management 
systems of this and the next decade focus on the company as part of a 
communicating network. The construction of the extended enterprise follows not 
only from requirements of lowered costs, shorter times and higher quality, but more 
deeply from the images and concepts which we all absorb unconsciously from the 
environment, and which are changing from the images of mechanical machines to 
the images of a globally-connected fluid network of interacting nodes. 
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2 THE INTERPRISE 

A company is a legally recognized entity with defined boundaries of responsibility 
and authority. In that sense each company is indeed an independent entity. Opera- 
tional terms do not need to be identical with the legal concepts. Companies in the 
past perceived themselves as stand-alone both in the legal and the operational 
contexts. A company would make its plans based on orders from customers, data 
about marketplace developments, and information from suppliers and other sources. 
Whatever the sources of information, the plans and management decisions were 
autonomously those made by the company alone, and implementation of those 
plans made no provision for modification due to real time information from sources 
external to the company. If such changes were needed, the changes were considered 
interruptions and required management intervention and decision. In the traditional 
commercial system companies were operated independently, guided by plans and 
forecasts which were time-invariant, that is, static. 

Times have changed. Today companies begin to perceive themselves as part of 
value-adding chains, operating under conditions where the ability to change is as 
important, or even more important, than the ability to be unchangingly efficient. 
Jack Welch, the successful CEO of General Electric, says that when change 
imposed from outside the company is faster than the ability of the company to 
change internally, it is doomed. It may be doing its work very efficiently, fast and 
at good quality and low price, but it is doomed nevertheless. 

This change in perceptions, structure and management focus derives from a 
conjunction of developing concepts of the world as a network, together with very 
concrete business reasons. Many companies have discovered that a major propor- 
tion of their costs derive from suppliers. In many manufacturing companies, when 
analyzing the costs of shipped product, the fraction of the cost going to suppliers 
varies from 50 % to 95 %. As these companies have become more efficient and 
have reduced costs internally, they have found that the major opportunity to reduce 
cost is in the supply chain. If one holds the supplier at arm’s length, and not coor- 
dinate work processes between companies, the cost reduction will be a grudging 
few percent. However, if one coordinates the work processes between companies, 
so that the customer makes different demands which allow the supplier to save cost, 
and the supplier does things differently so that the customer can save cost, 
significant savings are possible. If a supplier makes a change which saves internal 
cost to Harley-Davidson, the motor-cycle manufacturer, Harley will share half the 
saving with the supplier, so as to motivate it to generate such savings. 

Hence we see that competitive pressures for reduced cost and time, together with 
the requirement that companies enhance their ability to change under the pressures 
of unavoidable drivers, have created a new system of commercial enterprises. We 
have moved from a system of companies managed in isolation and assumed to 
behave in a static manner, to a system of real-time interactive companies in a 
dynamic system. If one thinks of interacting companies as a network, we perceive 
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the emergence of companies interacting in a network, where isolated nodes existed 
before. This new system is the extended enterprise; a collection of interprises 
which are interactive and international in the culture of the internet. No proactive 
deliberate decision created this new system; competitive pressures did. 

An interprise is best modeled in terms of the flows between the processes which 
comprise it. Figure 1 shows the three primary flows in the interprise. It shows the 
flow of money down the system, which is justified by the flow of goods and 
services up the system, which in turn is enabled by the flow of information both 
ways in the system. These flows are intimately interconnected. The money flow is 
induced by the flow of goods and services. The flow of goods and services is 
induced by the flow of information. These are interrelated and one cannot be 
modeled separately from the others. Inaccuracies or delays in information flow 
cause amplified problems in the flow of goods and services, which in turn cause 
amplified problems in the flow of money (Anderson et al 1997, Lee et al 1997). 




Money 



Goods and 
Services 



Information 



Figure 1 Primary Flows in the Interprise. 



3 THE TRAFFIC ANALOGY 

A system of interacting business processes necessarily becomes dynamic. The word 
‘dynamic’ has a clear technical meaning. It does not simply mean ‘energetic’. A 
dynamic system is one in which accelerations become so important as to change the 
behavior of the system. An example is a building which normally is subjected to 
static loads, but when an earthquake strikes is subjected to accelerations. Another 
example is the flow of electricity. In a direct-current (DC) circuit, the voltage and 
current do not change with time; in an alternating current (AC) circuit they do vary, 
and in doing so generate a time lag between them. As a result the mathematical 
equations which describe the system are quite different, because the system’s 
behavior is quite different. 

We all have experience of a system which moves from being arm’s length and 
static, to being interactive and dynamic. Road traffic is such a system, in which we 
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can consider the car in front to be operating on a piece of road, then passing it to the 
car behind. The amount of road between the cars is analogous to the inventory 
placed between the companies, in warehouses or somewhere else inside the 
logistics system. Consider travel on a road with the traffic spread out very widely. 
On such a road the driver of a car need pay no attention to the brake lights of the 
car ahead, and need not look in the mirror at the car behind. 

• No real time information from the car behind or ahead is needed in order to 
drive. 

• Each driver can autonomously choose any speed, without being influenced by 
the cars ahead or behind, until all the road (which represents material) is used 
up between the cars. 

• On the open road the rates of acceleration and deceleration have no importance; 
the quality of the braking system is not important. 

Now consider driving in an interactive traffic system, a crowded freeway such as 
experienced by everyone in the modem world. In such a situation a driver must 
necessarily pay careful attention to the brake lights of the car ahead, and to the car 
behind. 

• Exchange of real-time information between cars becomes essential. 

• Whereas on an open road a driver can make an autonomous decision as to the 
speed to drive, in the crowded freeway no single driver can make that decision. 

• The speed of traffic becomes a system characteristic, defined by the complex 
dynamic interactions between the cars. 

• In crowded traffic, the ability to accelerate or decelerate are very important to 
avoid accidents and to succeed. 

The real-time interaction of the cars on the crowded road creates a single system, 
and in this system dynamic effects, and the ability to accelerate and decelerate, 
become primary survival and success characteristics. This is in contrast to the open 
road where each car is managed independently in a static environment where 
acceleration and deceleration ability are unimportant. The commercial industrial 
world has evolved from being a collection of independent business units in static 
behavior, to being a single system operating in a dynamic mode. The behavior of a 
dynamic system is not an extrapolation of a static system; it is a fundamentally 
different system. Today’s industrial and commercial world, being interactive and 
dynamic, behaves fundamentally differently than the past arm’s length static system 
and requires fundamentally different management approaches. 




The emergence of the interprise 



9 



4 THE LINK IN THE CHAIN - THE INTERPRISE 



In the arm’s length static world one would design the structure of a company 
bearing in mind the products, information and materials it would output and input, 
but that structure would not be influenced by the procedures and processes within 
one’s customers or suppliers. In the interactive, dynamic world the perspective is 
different. The company’s sees its structure and destiny as being a link in the value- 
adding chain, in other words, an interprise. 

This perspective changes many requirements in the structure, leadership and 
operation of a company. It changes the focus of management attention from 
products to processes. In the dynamic world of rapid change where one is in an 
interactive relationship with suppliers and customers, the focus of competitiveness 
and management becomes core process capability, rather than the products 
produced, which may change rapidly. 

Figure 2 shows a standard model of a process in general, using the IDEF format. 



Inputs 

Things changed 
by the activity 



Controls 

Conditions that govern the activity 






Activity 

Tranforms Inputs 
to Outputs 




Outputs 

Things produced 
by the activity 



Resources 

Things used by the activity 



Figure 2 Anatomy of a process. 



Figure 3 uses such a process description for an agile business unit. This shows the 
major items for input, output, internal structure and resource needed. These four 
items are the four major attributes of an agile organization, or dynamic interprise: 
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Relentless Change 



Collaborative Adaptive 
Suppliers Organization 




Long-Term 

Solution- 

Products 



New Knowledge 



Figure 3 An agile business unit as a process. 



OUTPUT — Enriching customers with total, individualized, solution- 
products 

In an agile world, customers pay either a fee for skills, materials, and a modest 
profit for products, or they pay a percentage of the perceived value for solutions. 
Companies adopt a value-based strategy to configure products and services into 
individualized and total solutions that provide their customers with perceived 
enrichment, for which they are therefore willing to pay. 

INPUT— Collaborating suppliers in a virtual organization 
In an agile organization, cooperation enhances competitive capability. Companies 
use the virtual company model inside and outside to share responsibility and 
enhance cooperation opportunistically across organizational lines. 

INTERNAL STRUCTURE - Entrepreneurial adaptive organization 
Agile competition is based on the ability to thrive on change and uncertainty. 
Companies use an entrepreneurial organizational strategy, which can respond to 
changing conditions more quickly than a hierarchic structure. 

PRIMARY RESOURCE -Knowledge-driven enterprise 
In an agile environment, organizations sell skills, knowledge, and information over 
time. Companies make investments to increase the strategic impact on their bottom 
line of the knowledge and innovation generated by their people and information 
systems. 

Rather than considering the value-adding chain as following from the character- 
istics of the company, the structure and management of an agile company follow 
from the characteristics of its value-adding chain. The term ‘value-adding chain’ 
usually implies companies working at arm’s length, with the output of one being 
the input of the other. This has now become one coordinated system, an interactive 
network rather than a chain. 
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This understanding opens up another central subject, which will be only briefly 
mentioned here. Competition is increasingly between extended enterprises rather 
than between individual enterprises. Companies are starting to proactively manage 
portfolios of customers, and to rationally choose which value-adding chains they 
join. Among the reasons for this are to hedge against the downs and ups and vaga- 
ries of being part of a single product-centered industry, for instance the automobile 
industry sector, or computer industry. This central and considerable subject will not 
be developed further here. 



5 THE INTERPRISE RELATIONSHIP MODEL 



Attention will now be focused on the relationship between two business units, 
which are links in the demand chain. This interprise relationship model shown in 
Figure 4 (Preiss 1997, Goldman, Nagel & Preiss 1995, Preiss, Nagel & Goldman 
1996) is based upon the primary variables in a relationship between a pair of com- 
panies. When modeling a system, it is desirable that the variables for the model 
cover the situation to be modeled, are independent, and are a minimal set. The three 
variables of this model are such a set. 
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Figure 4 The Interprise relationship model. 



The X axis represents the added value conferred on a customer by a supplier. This 
can be any combination of hardware, service, or knowledge over the entire lifespan 
of a project or product. These can include special design, customized delivery, 
upgrades, maintenance, decommissioning, and recycling. 
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The Y axis represents the reward or payment made by the customer, from fixed 
price through variable payments to shared risk and reward. 

The Z axis represents the degree of business linkage between companies, starting 
with disconnected processes, such as mail, fax, and telephone, through electronic 
data interchange, to a complete integration of operations. 

In short, 

• The horizontal, X axis represents what the supplier gives the customer. 

• The vertical, Y axis represents what the customer gives the supplier. 

• The third, Z axis represents how they work together. 

These three factors define a space within which a relationship between two 
companies is located. Figure 1 showed the same values using parallel arrows, and is 
a generalization of this model to the extended enterprise. 

Mass production and product-focused trade, where a predefined product is 
exchanged for a price, and where cost is the only decision variable, is at the origin 
of the axes in Figure 4. As real time interactions between companies increase in 
intensity, the relationship moves out into the volume of the three-space. 

It is interesting to note how efforts made in any one of the three axes must be 
balanced by efforts in the other two. Movement has to be coordinated along all 
three axes in order to achieve a higher value in one of them. Using the three 
dimensional space of Figure 4 allows one to discern an optimal region for an inter- 
company relationship, in the region of the 45 degree diagonal in space. This can be 
understood as follows. Imagine a relationship being located at a low value of Y and 
a high value of X. Here a supplier is required to provide much variable support to 
the customer while paid on the basis of unit price of product. Such a relationship 
creates an intolerable strain on the supplier and inevitable leads to friction and pos- 
sible divorce. It is an untenable region of that diagram. Now imagine a relationship 
at a high value of Y and a low value of X. Here the customer takes standard product 
but pays based on shared risk and reward. This creates an intolerable strain on the 
customer as it is detrimental to his success. Similarly, viewing the Z axis, the effort 
and expense of integrating business processes can be justified only for high values 
of X, where the supplier constantly provides much value-adding service and 
information; for commodity price-centered trade at low values of X, business 
process integration is unnecessary and wasteful. It is therefore desirable to operate 
in the region of the 3D space diagonal. 
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Figure 5 Real flows in the interprise 



The biggest barrier to the emergence of the interprise today is alignment between 
the three major flows of Figure 1. Figure 5 is as Figure 1, but makes the point that 
the flows are choked, discontinuous and misaligned. Overcoming these barriers to 
the flows provides the opportunities for research and for consulting. 



6 CONCLUSIONS 

Global competition and the pressures to lower costs while increasing the quality 
and variety of products and services is leading many companies to seek improve- 
ments beyond their own borders, by coordinating entire extended enterprises as 
interacting interprises of customers and suppliers. This not only reduces cost and 
time while increasing quality, but enables the interprise to adapt and reconfigure to 
take advantage of rapid change and sudden opportunities. 

The emergence of the integrated system of interprises in place of a collection of 
arm’s length enterprises is the emergence of a system where no system existed 
before. This creates a new opportunity for imaginative corporate management, for 
research and for consulting. 

Efficient coordination with customers, customers’ customers, suppliers, suppliers’ 
suppliers and beyond, requires alignment of business strategies, of the way people 
work and the relations between them, and of technology processes. It also usually 
leads to new and profitable strategic directions. 

As companies move from being stand-alone entities which pass product one to 
another, to being links in an interactive, adaptive, extended enterprise which deals 
successfully with rapid change, an unprecedented level of integration of people, 
business processes and technology is required. The fact that the competitive 
environment is leading companies to becoming interprises, is manifested in many 
operational details which sometimes hide the overall trend. Projects such as 
integration of the supply chain, just-in-time material supply, theory of constraint 
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analysis of bottlenecks, total quality management, different cost accounting and 
prioritization methods, becoming part of the customer’s business or lifestyle 
processes, enterprise integration, and many more of which we have all heard, are 
operational details. They point to the change coming over the competitive 
environment, from being a collection of loosely coupled enterprises to being tightly 
coordinated interprises. This understanding of the overall trend and the change in 
the system, enables us to better plan and prioritize the operational details of 
companies. 
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Abstract 

Confronted with constant structural changes in society and the manufacturing 
industry, enterprises have undertaken several innovative activities for optimising 
their processes. One approach which represents extremely fast adaptation to 
quickly changing constraints involves building up a "Variable Production Network" 
(VPN). This is a dynamic co-operation system or network of companies over a 
specific period. Smaller and medium-sized enterprises particularly benefit from 
such co-operation, which provides an opportunity for joint development and the 
introduction of new products and technologies. In addition, many enterprises have 
realised that such product and resource related links offer the chance to reduce 
internal complexity, to concentrate on core skills, and to function in an "Alliance of 
the Best". In order to benefit from the consequent potentials of such co-operation 
with the same or even reduced costs, the enterprises concerned have to fulfil certain 
preconditions, namely the capability to adapt to the production network 
requirements. The development of methods for a networkable production 
management (NetProM) is the basic goal of an ongoing industrial research project. 
This paper will present initial results of the project. 
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1 INTRODUCTION 

Operating in a VPN is one approach which enables companies to survive in modem 
changing times. This means that the stmctural and process-related organisational 
inventions will be used to achieve efficient networking. Different forms of global 
corporate alliances are being used effectively for doing business in new settings 
(Starr 1991). Each partner concentrates on its core-competencies and combines this 
with the advantages of a powerful community. 

This new kind of co-operation involves a new form of complexity which is 
characterised by teamwork over factory borders in a VPN. It demands a new 
support system which enables planning and control that are suited to networks. 
Hence, conventional MRP-systems have to develop into Production Management 
Systems (PMS). These PMSs are prepared for application in VPNs e.g. to support a 
control or resource-planning for all network participants. 

This paper will present the prerequisites and initial project results for the 
development of new methods. 

2 VARIABLE PRODUCTION NETWORKS - IN-PLANT 
SIMPLIFICATION AND SIMULTANEOUS GROWING 
COMPLEXITY 

Trends and History 

During the last few years changes in structural organisation have turned away from 
the original strong hierarchy to lean management and a further step towards the 
formation of small, almost independent factory units in the form of profit and/or 
cost centers. This development is further supported by the parallel introduction of 
team and group working. Identical trends can be observed with the development of 
slower, memory-intensive host computers into client-server systems. The 
decentralised structure is also available in the hardware area, making an efficient 
technology for an internal interlink. The internal concentration on smaller units 
overlaps through the different activities which the companies perform in making a 
start on the optimisation and acceleration of their processes in the area of 
sequencing. During the initial adaptation of resources the main determinants are the 
main investigation, followed in a multitude of enterprises by a reconstruction phase, 
in which there is a segmentation of the existing organisations and processes in 
accordance with technological or product-related criteria. The product and 
processes may then be newly developed in a fourth stage (see Figure 1). 
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Figure 1 Phases of restructuring. 

A trend in many companies towards increased co-operation is shown with this 
step-wise optimisation and concentration on the basis of core components in the 
following phases. In the past, co-operation in the areas of research and 
development has already proved its worth, so that links between procurement, 
production and supply are being increasingly formed today. The outcome of this, 
via customer-supplier links (logistic chains^ is the formation of stable network 
arrangements and, in a further development stage, the variable production network. 
This demonstrates the logistical consequence that the internal decentralisation 
effort (linked with the concentration on core components) is beeing made across the 
industry. 

Types of Network 

The production networks can form themselves from different and company-specific 
bases. According to existing knowledge there are four basic network types, as 
represented in Figure 2. 

New Roles in Variable Production Networks 

A characteristic of VPNs is that they call for completely new tasks, like those of the 
network organisers (network architects), brokers and network co-ordinators, as 
depicted in Figure 3 [Dangel et al. 97]. 
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Figure 2 Overview of network types [in support of Pfohl/Buse]. 
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Figure 3 Roles and tasks in a VPN. 
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Figure 4 Variable Production Network for the production of micro-electronic 
components. 

Figure 4 shows as an example the networking of a number of companies to 
supply micro-electronic components. A generally valid process chain is used for the 
model which, as represented, leads to a networked process chain [Kuhn 95]. 
Besides this it shows that a production network can fully describe the three forms 
of process chain elements: Producing/Testing [P], Transporting [T] and 
Storage/Supply [S]. In this example companies PI and P2 supply the raw material 
for the production of micro-electronic components, in this case a wafer. This is 
followed by a mechanical operation (companies P3 and P4) in which the 
production photolithography, loading and removal connect up from differing 
spatial classes. Parallel to this is the identical process chain of companies P12 and 
P13 which are in the position to carry out the same production already described in 
a common, cost-intensive testing process. As a rule single-use wafers are isolated 
through the companies P8 and PI 4. The production-area structure and connection- 
technology integrate all the necessary components in a single casing. The stores, 
S2, hold all the finished wafers for further work (e.g. for production of an 
acceleration sensor). The actual production process is at this point in time finished 
and the end product can be given to the trader (distributor) [Dangel et al. 97]. 
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Potentials and Risks of a Variable Production Network 
A characteristic of a VPN is the conscious planning of redundancy. This means that 
more than one process or partner produces the same product or service. In Figure 4, 
for example, the processes P5 and P12 are, as described, redundant. This status is 
distinguished by the identical inputs or outputs of one or more processes. 
Redundancy increases the flexibility of the network and the assurance of supply for 
the customer. 

Experiences have shown that an independence between the participants on this 
must be maintained to work in different networks (multidiscipline connections of 
partners). For individual partners this has the advantage that their independence is 
only reduced by one network. On the other hand the total network has the 
consequential characteristic of a possible conflict of goals in capacity assignment or 
prioritising of tasks appearing in the network. This is because the capacity of 
multidiscipline partners is not exclusively in the availability of the network. 

Resource distribution is a central characteristic for the removal of capacity 
bottlenecks or the reducing of capital-intensive investment, as mentioned above. 
Each process has so-called resource pools assigned, inside which the 
transformation processes produced and the necessary resources are brought 
together. Resource distribution means that two or more companies share rare 
resources with varying rights of disposal, depending on the situation and 
requirement. In Figure 4 companies P3 and P4 share common resources, in this 
case production facilities and areas (fixed location) such as personnel, material, 
work tools and organisation tools (independent of location). A fundamental 
distinction is made between long-term and planned resource-sharing as well as 
spontaneous resource-sharing to remove acute bottlenecks. With long-term 
resource-sharing, the resource capacity for the total requirement of the partners can 
be laid out and ordered once. The spontaneous resource-sharing serves as a matter 
of priority as a quick reaction to remove bottlenecks which exist short term. 

The sharing of functions can include every process of the participating partners. 
This involves a distinction between an analysis of functions, that is, a concentration 
on the main components of the partners, and a bundling together of functions for 
common use, as when, for example, a purchasing network takes advantage of a 
"piece count" effect (economies of scale effect). Function sharing for the use of an 
"analysis of functions" is translated through a detailed illustration of the process to 
function fulfilling. 

In order to integrate new knowledge and processes quickly into the network, 
new partners can be taken on. The performance that these partners bring to the 
group can extend from the supply of simple raw materials to the complex 
performance in service. A new intake of partners brings in advantages in the 
willingness of the partner, but this must follow a meassured assessment of the 
process route of the potential partners, with a long term link to give the best 
guarantee. The taking on of new partners leads to the restructuring of the existing 
network and consequently finds expression in the newly configured process chain. 
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Alongside the chance of enormous speed and flexibility, fiirther possibilities of 
increased reuse and recycling (R&R) exist for scrap and components in the 
network. The goal of R&R is to create a closed loop, reducing disposal costs and 
diminishing waste-disposal problems. Partners may be able to increase the goals of 
R&R together [Wiend et al. 96a]. 

To summarise what has been determined: VPNs are variable, elastic and offer a 
multitude of opportunities. The opportunities must however be taken and the risks, 
in particular the higher flexibility, diminished. 

Consequences for Information and Communication Technology 
Considered in the first instance it can be established that VPNs in practise cannot 
be sufficiently developed in planning, control or monitoring for example, with the 
potential offered by today’s available information and communication technology 
[Spur 96]. This is especially valid for SMC networks. The new complexity in VPNs 
makes, for example, selective information from the partners possible. To avoid an 
uncontrollable data flow the information that is necessary for the control or 
development of the special processes for the partner must be chosen automatically. 
This information should be sufficient to the extent and detail of a specification of 
the actual logistic achieving of objectives from key data up to the information about 
the status of individual orders [Wiend et al 96]. To make the outlay possible, 
particular methods and instruments are needed at this moment in time [Linsi 95, 
Semic 94, Schob 96]. 

The information of partners in a VPN could, as described above, be prepared 
methodically so that feedback in planning and control for regulation purposes is 
possible. Such methods, in particular the regulation of variable objectives (the so- 
called adaptive regulation of a network) are not possible at this moment in time. 



4 REQUIREMENTS OF THE NEW METHODS FOR 
PLANNING AND CONTROL 

Methods of planning and control suitable for networks are necessary as mentioned 
above [Inger et al 95, Keml 95]. With them the special structural characteristics of 
the network, such as fimction and resource-sharing as well as redundancy of the 
processes, must be controlled and used. These methods are still not in familiar 
systems, or only contained as a start [Dombr 95]. 

In order to make production management networkable in accordance with the 
mentioned requirements, conventional but already existing network-task furthered 
PPC-systems should supplement the stressed communication-relevant components 
in Figure 5. 
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Figure 5 Structure of a networkable Production Management System (PMS). 



In order to guarantee an adequate information level, monitoring modules have 
to be developed. Those modules are able to read back at each time "online" the 
relevant information concerning resources, process chains and order nets. Efficient 
cooperation in a VPN requires a data adaption of the information designated for the 
transmission to the net-partner. This involves the data selection or data encoding of 
secret information. To avoid the network-partner becoming flooded with data, 
detailed information has to be selected and condensed in a manner acceptable to the 
partner. This means e.g. the transmission of the actual product-lead time instead of 
the determination of the operation lead times for each workstation. The example in 
Figure 5 shows the data transmission via a communication pipeline between the 
PMS of partner A and B. If partner A communicates with partner B, the incoming 
data has to be converted so that partner B is able to read the information. In 
addition the data has to be allocated to the corresponding ppc-task. 

The background produced for these are worked out in the following section and 
represented as objectives of a research-project in order to make the planning and 
control in a VPN partnership possible. A complete and all-embracing software 
system should be consciously looked at in the development. It should be possible in 
a VPN to operate much more through modules which already work off the existing 
software system, supplementing the PPC-system and making it able to network. 
This not only has the advantage that small and medium sized enterprises can 
introduce this software model with relatively low expenditure and good value for 
money, but also that the flexibility of the system with the changeability of a VPN is 
maintained. In this way, belonging to a network is no longer software-dependent. 
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5 GOALS AND FIRST RESULTS OF FUTURE RESEARCH 

The basic goal of an ongoing project is the development of methods for a 
networkable production management, that is to make it possible for companies with 
different prerequisites to control the complexity of a VPN and to make the new 
changes with regard to speed, flexibility and cost savings useful for them. 

The developed modules will offer answers to the specific problems of the 
partners. Additionally, the modules are implemented so that economical adaptation 
is possible in other companies. 

The first step is to introduce a networkwide monitoring system. Next, modules 
have to developed to extend the existing PPC points of difficulty into Production 
Management Systems (PMS). This involves, for example, methods for a defined 
quantity, schedules and resources planning in a function and resources distribution 
between partners in the small series and jobbing production or methods for a rapid 
and objective orientated task distribution in redundant processes. 

Project members are, besides the Institute of Production Systems (Hannover, 
Germany), a software company and three manufacturing companies. Each of them 
is partner in its own network. Additionally, some chosen suppliers of the 
manufacturing companies are also integrated in the project team. A better 
synchronisation along the whole value-added chain between the network-partners 
will achieve a more efficient production process. The main goal is the improvement 
of the logistical performance-values delivery time and punctuality of delivery. 

Concept of a Monitoring for Networks 

The first project step enclosed steady-state-analysis as e.g. business process 
registrations, product-structure analysis and bottleneck-oriented logistic analysis. 
On this basis common requirements on a networkwide monitoring system have 
been derived. The requirements are orientated on defined network-intersections 
between the producers and suppliers. In consideration of heterogeneous production 
circumstances involving the existing data and software systems a concept of a 
Monitoring for Networks (MoNet) has been developed. Figure 6 shows that the use 
of an online-connection is possible as well as a standardized off-line data- 
transmission [Helms et al. 97]. 
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Figure 6 Monitoring for Networks (MoNet). 

The developed monitoring methods, which as explained above can be used 
either on- or off-line, are structured in a modular toolset. This offers the possibility 
to generate the corresponding method for each specific monitoring application. The 
development of methods suitable for networks has not been finished yet. An 
example of an application of a monitoring method is depicted in Figure 7. The 
funnel in the middle of Figure 7 represents the manufacturing process of a 
producer. The funnel opening represents the actual capacity of the producer. The 
funnel is filled up with orders (the size of the circles shows the different work 
contents of the orders). The actual fulfilment in the given example is equal to the 
actual work-in-progress level. In this case the actual work-in-progress level is much 
too high. Consequently, capacity bottlenecks will occur. To avoid these evident 
bottlenecks the placing of chosen orders to the suppliers is one possibility. The 
monitoring system allows the producer to look at the supplier’s production 
situation. The supplier’s level of work-in-progress indicates whether a short-term 
placement of orders will be meaningful. 
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Figure 7 Lines of sight for capacity-sychronisation in networks. 

The second line of sight enables the supplier to detect specific bottlenecks at the 
producer’s production or to synchronise its own production e.g. with the assembly- 
process of the producer. But only those orders which are chosen in advance by the 
producer are visible to the supplier. Hence, a monitoring system has to support both 
lines of sight. 



6 SUMMARY AND PREVIEW 

From relevant investigations of today's established PPC-systems it can be seen that 
the success of their introduction is substantially dependant on the actual situation of 
the system it is built in and on the basis of relevant, consistent configuration of the 
parameters. The objective, besides this, must be to bring the planned and actual 
values to the surface and thereby to estimate the requirements for the planning and 
the control of the process. As well as this, there must be the agreement and 
integration of overriding objectives of the production network in the evaluation and 
configuration process of PPC parameters. In this the necessary modules for 
classifying the data to the respective planning and control functions should be 
worked out. 

An initial concept of a monitoring system in networks has been presented as one 
result of an ongoing project. The development of methods and modules as 
described will extend the commonly used PPC-systems to Production Management 
Systems suitable for networks. 
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Abstract 

In the context of goal-planning, performance measurement and decision support, 
information is a key resource for the extended enterprise. With the increasing com- 
plexity of the value chain, new concepts for organisational control are required. The 
Management Information Logistics Process is particularly crucial in this context. 

This paper will develop requirements and identify research directions to meet the 
challenge for management information logistics and decision support for the ex- 
tended enterprise. 
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1 DECISIONS AND INFORMATION 

The decisive factors of competitive success today are time and information. It is not 
any more the big who outperforms the small, but the fast who outperforms the 
slow. Competitive success of a company does not only largely depend on its ability 
to adapt products and processes to a rapidly changing environment. For the long- 
term generation of value it is required to anticipate change and to proactively create 
markets and the products and services to feed them. 

To do so, entrepreneurial decisions have to be taken. These decisions determine 
the extend and the direction of change required. Decisions are a central domain of 
research in management science (Adam 1996). The reason is that decisions do 
control activities. Reasonable entrepreneurial decisions are based on the availability 
of relevant and correct information. Therefore information logistics is a critical 
process and information itself is a critical resource. 

Krcmar already pointed out that there is theory-gap concerning a proper 
definition of the term information (Krcmar 1991). We suggest to consider 
information as relevant goal-oriented knowledge. This criterion is depending first 
of all on the decision-domain defined by goals and tasks and secondly on the 
information-user. 




Figure 1 Requirement, request and supply of information 

The widespread incoherence of information requirement, supply and request is 
illustrated in figure 1. Relevant, goal-oriented knowledge (1) is required to take 
reasonable decisions. However, process-owners tend to request more information 
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(2) than required to take a decision within a particular context. Their request is 
based on their knowledge on available information (3) and on their understanding 
of the decision-domain (2). A part of the available and relevant information is not 
even requested (4). In case the available information (3) is not directly associated to 
the particular decision problem, it can be considered as pure data. Consequently, 
many entrepreneurial decisions are based on a fraction of the required information 
(5), and on irrelevant data (6). It is obvious that the functioning Management 
Information Logistics process is a prerequisite of decision support. 



2 THE DECISION DOMAIN OF THE EXTENDED ENTERPRISE 

With the Extended Enterprise concept aiming at an integration of customers, 
suppliers and final production via technological opportunities like the internet and 
the intranet, the issues of executive information, decision support and information 
management, i.e. the management information logistics process, do become even 
more crucial. 

The reason being that complexity of the decision-domain is increasing with the 
number of parameters and their interdependencies to take into account. This is 
particularly valid for organisations with manufacturing operations. Figure 2 
illustrates one possible view on the decision domain of the extended enterprise. 
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The extended enterprise consists of the operational processes strategy 
development, product development, production planning and control, production 
and distribution' I These processes link final producers and suppliers. Customers, 
investors, employees and society are stakeholders (Gomez 1993). The stakeholders 
interact with the extended enterprise via the processes: 

• investor relations, which is the process to raise cash to fund new business 
opportunities by providing exceptional shareholder value which is equal to the 
discounted free cash-flow. This financial parameter describes the cumulated 
amount of money which a business will return to its investors until it has 
reached the end of its life-cycle. 

• customer order management, which is the process to generate cash-flow by 
providing products and services to the customer, 

• personnel development, which is the process to source know-how and effort by 
providing remuneration and personal development opportunities, 

• public relations, which is the process to ensure appropriate infrastructure in 
terms of transport facilities, legal security, education and other by tax-payment 
and the generation of a positive image by sponsoring-activities. 

Most companies realised that new organisational structures are required to manage 
the increasing complexity of the value chain (Mertins 1997). The answer to this 
challenge have been a considerable amount of organisational and control concepts. 



3 ORGANISATIONAL CONCEPTS AND CONTROL ASPECTS 

Some examples for organisational concepts with a considerable influence on 
management and company structure are: 

• the Value Chain approach (Porter 1985) 

• the Business Process concept (Hammer 1990), 

• the Japanese Bionic Manufacturing-approach 

• the Modular Company (Wildemann 1992) 

• Agile Manufacturing (Kidd 1994) 

• the Fractal Company (Wamecke 1993), 

• the Virtual Organisation approach. 

All these concepts aim at an increase of effectiveness and efficiency. The most 
relevant paradigms which have been introduced with these concepts are: 



' There is no unanimously agreed definition of a process framework in the literature so far. This is 
certainly a field for further research. 

' Competitors are not mapped at this level. They can be seen as an issue at the strategy development 
level. 
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• the decentralisation principle aiming to reduce non- value adding administration 
through delegation of responsibility to the process owners and to increase 
effectiveness through complexity-reduction, 

• the core competencies principle aiming to establish a competitive advantage 
through focus on the improvement of those processes where the organisation 
can add the highest value to the product it is selling to the customer, 

• the process orientation principle aiming to establish a holistic systems thinking 
through output and customer focus, and 

• the pull-control principle aiming to produce only what is directly required by 
the internal or external customer in the next step of the value chain leading to 
minimised stock levels. 

Decision problems are usually not very well structured and therefore a wide range 
of methods and tools to support decision-making and thus to support organisational 
control have been developed. Their goal is to reduce complexity and as a 
consequence to reveal the structure of a decision problem. The process of 
complexity-reduction with a decision-support methodology or tool can be seen as a 
modeling process. The underlying aim is to prevent the process owner from 
cognitive stress and to enable him to judge the decision-situation adequately. 

Some of the most relevant planning approaches and concepts are: 

• strategic planning methods like the scenario technique (Godet 1987), network- 
thinking (Probst 1991), portfolio techniques (Gomez 1993) 

• Methods and tools for goal setting (Qualit 1996). They focus on hierarchical 
goal trees 

• Operations research methods which are deterministic mathematical models of 
reality (Wild 1991) 

• Multi-agent-approaches which are based on the blackboard architecture known 
from knowledge-based systems (Wild 1991) 

• Production planning and control concepts (Mertins 1996) 

• the MRPI and II approaches which are typical push-concepts 

• the kanban-principle which is a typical pull-concept 

• special approaches like Wiendahls charge oriented production control 
which is based on the funnel-principle (Wiehdahl 1992, 1995). 

Some characteristic representatives of performance measurement systems are 
(Staudt 1984): 

• the Du-Pont system of financial control which is a pure calculation scheme 

• the Pyramid Structure of Ratios 

• the Managerial control Concept 

• the Ratios au Tableau de Bord 

• the GS-System which is a modular system 

• the ZVEI-system is a mixed modular and calculation scheme 
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Besides these systems there are numerous more or less exhaustive performance 
measure-lists, which cover either functional areas like logistics, or are focusing on 
financial parameters (Kralicek 1995, Tschandl 1994). 

A shortcoming of these approaches is the missing link between financial and 
operations view. 

Two well-known representatives of performance measurement-frameworks are: 

• the Balanced Scorecard 

• the EFQM-model 

Both do not suggest any particular performance measures, but rather provide 
guidelines for the development of a performance measurement system. 

The control system and its effectiveness and efficiency remains a key aspect of 
any organisation. This is becoming particularly obvious with the implementation of 
the decentralisation-principle mentioned above. 

The basic idea with this approach is, that partly autonomous units can be more 
easily controlled than large complex units due to reduced complexity. However, 
this is only true at the unit-level. The key problem is to assure that decisions at the 
partly autonomous units are in line with the objectives at corporate level. An 
appropriate Management Information Logistics process needs to be implemented to 
support decision-making and cooperation at all levels of the organisation. 



4 MANAGEMENT INFORMATION LOGISTICS REQUIREMENTS 

A key element of the control system of the extended enterprise is the Management 
Information Logistics process. The objective of this process is to provide process 
owners with decision-relevant infomation. The goal-system and the perfommace 
measurement system associated to it form the logical basis for the Management 
Information Logistics process. The structure of both is largely determined by the 
relative importance of the building blocks within the decision domain of the 
extended enterprise. This relative importance is subject to change over time. 

Currently the key performance indicator of many companies quoted at stock- 
exchange is shareholder-value. Their goal system is focusing on an optimisation of 
the investor-relations process. In the future other indicators might be developed and 
other building blocks might be considered more important or regain importance. 
Therefore, a core requirement for the management information logistics process is 
adaptability. This adaptability cannot be realised with the existing concepts. They 
are mostly hierarchically structured and relatively inflexible. 

This perception has been confirmed through a range of projects conducted at IPK 
in the last years. With the approach and the results of a particular benchmarking 
project the essentials will be demonstrated. 
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5 BENCHMARKING AS A METHOD TO INITIATE MANAGE 
MENT INFORMATION LOGISTICS ENGINEERING 

5.1. Benchmarking-basics 

A management concept which has gained widespread attention at a large number of 
companies is Benchmarking (Mertins 1995). Rather than a simple comparison of 
performance measures the method aims to: 

• take into account non- financial measures and qualitative data, 

• integrate branch-independent sources, 

• explain differences rather than to purely document them, 

• focus on those criteria which are most relevant to the customer, 

• team-up line-managers and specialists with the core project-team, 

• consequently look for implementation, 

• implement a continuous process. 

It is obvious that Benchmarking is not only looking for quick-wins. In essence it 
is aiming at a cultural change towards the learning organisation. Within the cycle of 
enterprise development. Benchmarking does in particular support the goal planning 
and strategy development phase. 

5.2. A benchmarking project: approach and results 

Competitors aiming to enter a highly profitable market with 30% reduced 
production cost was the reason for three established international companies of the 
construction supply industry to set-up a Benchmarking project for four business 
units manufacturing a core product range. 

The modelling of the processes throughout the value chain with the method 
Integrated Enterprise Modelling (Spur 1996) was the first step in the approach to 
generate transparency. On a top level the core processes were mapped. In this 
project the team agreed to select acquisition, sales forecasting, customer order 
management, production planning & control, production, supply and distribution as 
core processes. This top-level was detailed with up to 3 levels 
On the basis of these process-maps performance measures were developed. In 
addition performance measures concerning the market structure and the margin- 
distribution over the value chain were defined as benchmarks. Figure 3 illustrates 
the approach schematically. 
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Figure 3 Schematic approach of process benchmarking 

The exact definition of the performance measures and the basic data was a 
prerequisite to obtain comparable data from the four business units. The reason are 
the inconsistencies of the data-structure between and within the business units. 

An example is the situation with the depreciation of production equipment which 
was completely incomparably handled for the business units according to their 
national depreciation policy. 

Approximately 200 performance measures per business unit were defined. An 
aggregation of the detailed performance measures to the level of cost and profit 
performance measures with the process-categories, administration, acquisition, 
production planning and control, production with the sub-categories raw-material, 
maintenance, salary, machine-cost, packing, internal transport was developed. On 
the profit-side the distribution of margins over the value chain was compared for 
selected products. 

On the basis of a scenario anticipating that each business unit could realise a cost- 
reduction per category to the level achieved by the most cost-effective business-unit 
in this benchmark-study, each business unit could achieve a cost-reduction of 40- 
45% of its total cost. For the margin-side a potential of up to 75% was identified. 

Four realisation-projects have been initiated. The non-fmancial benchmarks are 
most important in this context. They are required to check the possibilities for a 
realisation of the identified potentials. An example is the cost-performance in 
acquisition which does not allow to judge the quality of this process if other 
benchmarks like market-penetration and market-potential are not taken into 
account. 

This benchmark-project has clearly demonstrated the benefit of an analysis of the 
complete value-chain in comparison to a limited view on the production area, 
which was the first intention of the customer. The overall cost-reduction potential 
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easily doubled the one identified in production. In addition, the margin-potential, 
which is twice the cost reduction potential in manufacturing, could be realised 
through better channel management and management of the product-range. 

5.3. Consequences 

The data-collection-phase with plausibility and consistency-checks did take 
approximately 5 months after the process models and the benchmark and basic-data 
definition were completed. During this phase the basic data has been exchanged 
completely or partly several times for each business unit. This time-consumption, 
again confirmed that the management information logistics process of most 
companies does not meet the requirements today. 

Successful Benchmarking requires fast, and decision-relevant information. An 
evolutionary development of the Management Information Logistics process is 
characteristic for most companies. The initiation of Benchmarking projects can 
initiate a systematic engineering of the Management Information Logistics process. 



6 A MANAGEMENT INFORMATION LOGISTICS CONCEPT FOR 
THE EXTENDED ENTERPRISE 

With state-of-the-art technology it is possible to implement an integrated Executive 
Information System to supply departments, process-owners and top-management 
with decision-relevant and consistent information. Some technology-driven 
keywords in this context are data-warehousing and online-analytical-processing 
(OLAP) (Inmon 1993). The data-warehouse can contain quantitative data as 
performance and forecast-data as well as qualitative data as text, pictures and 
graphics. Both provide decision-relevant knowledge through the analysis tools 
which act as filters, figure 4. 

The terms Executive Information Systems and Management Information Systems 
both suggest a technology-centred view on the process of decision-relevant 
information-supply. Therefore, we suggest the term Management Information 
Logistics to describe the process of supply of relevant goal-oriented information 
and knowledge to process owners at all levels of the organisation. 
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Figure 4 Logical and technical structure of the management information logistics 
process 

Rather than technical issues and implementation tools, the challenge is to 
establish the logical structure of the Management Information Logistics process. 
Currently, there is no method providing appropriate support to generate the logical 
structure of a configurable control system which is the constituent part of the 
analysis tool. The same applies to the consistency mechanism which does contain 
the basic data definition. 

The Management Information Logistics process is based on a network structure 
rather than on a hierarchical and inflexible structure known from traditional 
performance measurement systems. 

The constituent components of this network oriented process control concept are 

• a process network, 

• an attribute network which is directly associated to the process network, 

• a control parameter network where the control parameters are linked among 
each other and to the processes via the basic data elements (BD). The control 
parameters shall reflect the process-attributes, 

• a goal network where the goals are linked among each other via the control 
parameters. 
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1 RESEARCH DIRECTIONS 

The frameworks for the development of a control system are situated on a rather 
high level. Hierarchical and logically structured performance measurement system 
are rather inflexible (Halloway 1995). A potentially successful approach to develop 
a method and a tool to support Management Information Logistics engineering can 
be outlined with the following steps: 

1 . review of the existing performance measurement and control concepts 

2. development of a configurable business process model including a reference 
model for the information logistics process. 

3. development of an adaptable control parameter framework on the basis of 
existing performance measurement frameworks from projects. 

4. implementation of this structure in a configuration tool for process control 
parameters. This tool should include a possibility to link operational and 
financial parameters. 

5. establishment of a link to a goal system editor 

6. integration of tools for goal-planning, performance measurement and process- 
mapping. The functional specification of such a tool should include views, 
what-if-scenarios, how-to achieve-scenarios and interval-reasoning. 



Figure 5 summarises state of the art and potential research directions. 
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Figure 5 The next steps towards a process oriented control system 
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Abstract 

Increased requirements for quality, costs and speed of the construction projects 
have created need for new means of controlling the construction process. 
Partnering is an answer to this need. 

Partnering in the construction industry has involved main contractors together with 
clients or sub-contractors. This paper widens the scope to suppliers. 

A case study is presented to highlight the important aspects on starting a partnering 
relationship and learning from it. 



Keywords 

Partnering, construction industry, logistics, organisational learning 



1 INTRODUCTION 

The objective of this paper is to present a method for project partnering in 
construction logistics. Project partnering can be used as the basis of a long term 
strategic partnership and also autonomously as a method of developing processes. 
A case study of project partnering in a building material supplier group is presented 
in this paper. 

Organizing the Extended Enterprise P. Schonsleben, & A. Buchel (Eds.) 
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The concept of partnering has reached the construction industry since the late 
1980’s together with the quality movement. Historically price has been the criteria 
for selecting suppliers. This has often resulted in poor quality and increased overall 
building costs. While purchasing price no longer is the only issue new ways of 
thinking and acting are needed. Partnering is an answer to this need. 

There has been some discussion about partnering in the construction process. 
The discussion has mainly concentrated on partnering 1) between the client and the 
main contractor and also 2) between the main contractor and subcontractors. This 
paper discusses partnering between the building material supplier and its customer, 
main or subcontractor. 

2 PARTNERING IN THE CONSTRUCTION INDUSTRY 

The most used definition of partnering in the construction industry was presented 
by the Construction Industry Institute of the USA in 1991 (CII 1997, Loraine 1994, 
Crowley et al. 1995, Matthews et al. 1996): 

Partnering is a long-term commitment between two or more organisations 
for the purpose of achieving specific business objectives by maximising 
the effectiveness of each participant's resources. This requires changing 
traditional relationships to a shared culture without regard to 
organisational boundaries. The relationship is based on trust, dedication 
to common goals and an understanding of each other's individual 
expectations and values. Expected benefits include improved efficiency 
and cost effectiveness, increased opportunity for innovation, and the 
continuous improvement of quality products and services. 

The first arrangements of partnering in the construction industry have been 
between clients and main contractors, starting with major process industry 
manufacturers (e.g. Shell) as clients and construction companies who build their 
numerous productions plants. Most of these arrangements have been between 
previously known companies. These relationships have been long term partnering 
extending beyond individual projects. (Loraine 1994) 

More recently there has also been project specific partnering which does not 
necessarily aim at long term commitment. The aim is rather in the development of 
solution methodology on a certain construction project (Loraine 1994). The aim 
can also be at learning partnering procedures as basis for a future long term 
partnering relationship. Matthews (1996) sees that project partnering is likely to 
take the lead role in developing closer relationships within the construction 
industry. He also states that many organisations will experiment with project 
partnering and wait for provable, positive results before initiating any strategic 
partnering relationship. 

Partnering relationships are not only limited between the client and the main 
contractor. The increasing use of subcontracting has put more stress on the 
subcontractor - main contractor relationship. Traditionally main contractors have 
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executed most projects using directly hired labour. Nowadays up to 90 % of the 
project value can be subcontracted while main contractor provides only project 
management. This is equally true in the United Kingdom (Matthews 1996) as in the 
Nordic countries. 

There is no reason for leaving suppliers out of the partnering concept. On the 
contrary, suppliers have a great effect on the quality and costs of the construction 
process, and are therefore a tempting partner for any construction company. A 
construction project is closer to an assembly line than a manufacturing plant and 
the suppliers play a great role in providing the components to be assembled. The 
share of material costs is over 50 % of the total building costs. In the automotive 
industry the share of material costs can be up to 85 % of the costs of a car 
(Christopher 1992). In addition, the logistics costs are around 10 % of the total 
costs of a building or a car (Finnish ministry of transportation 1995, Christopher 
1992). Thus it will be profitable to establish partnering relationships with the 
suppliers that concentrate on the information and material flows between the 
supplier and customer company. 

2.1 Effect on cost 

By definition partnering aims at cost effectiveness. Cost has traditionally been a 
means of selecting and controlling the contractors. Clients have used cost based 
selecting and controlling on main contractors who in turn have used it on 
subcontractors. Unfortunately traditional low-bid contracting puts a premium on 
withholding information (Loraine 1994). Lowest prices also result in unhealthy 
competition where companies with insufficient expertise can enter the market with 
very little capital. This clearly has a negative effect on costs in the long run - the 
cheapest may well turn out to be the most costly (Matthews et al. 1996, Burt 1989). 

These points can be altered by partnering. Information sharing and mutual 
understanding of costs help build the trust required for fewer long-term supplier 
relationship - partnering (Burt 1989). 

2.2 Effect on quality 

Quality is one of the most important aspects affected by partnering. According to 
Loraine (1994) there is now the view that methods such as total quality 
management are unlikely to be introduced successfully to projects without 
partnering arrangements. Quality has taken over the historical role of price as 
means of control in the construction industry. A carefully selected and managed 
supplier offers the greatest guarantee of consistently high quality, namely, 
commitment to the project (Burt 1989). 

This change from price driven to quality driven control means radical change 
both in the attitudes of the purchasers and in the supplier base. In the beginning of 
the 1980’s Xerox copier manufacturer reduced its supplier base from 5000 to 400 
and simultaneously improved quality, reduced costs and shortened production lead 
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times (Burt 1989). The same kind of actions are needed in the construction 
industry. In the beginning of 1990’s a large Swedish construction company, 
Skanska, had a supplier base of over 30 000 (Jarnbring 1994). Partnering aims at 
closer relationships with fewer suppliers, which is seen resulting in better quality 
together with lower costs (Shonberger 1986). 

2.3 Effect on innovation 

Increased opportunity for innovation is another aim of partnering by definition. 
Partnering or virtualisation is needed to create and utilise innovations outside ones 
own organisation. The theory of learning organisations highlights the role of 
customers and suppliers as a fertile source of new ideas and information 
(Marquardt 1996). Customers have vital expertise on what they buy and knowing 
and fulfilling their expectations is essential for any business. Chesbrough (1996) 
sees that to commercialise an innovation profitably, a tremendous amount of 
knowledge from the own industry, from customers and from scientists must be 
gathered and understood. 

To achieve a competitive edge one needs a change champion who makes sure 
that the innovations can be utilised within the organisation. Uncontrolled 
innovations only result in losing the competitive edge to somebody else 
(Chesbrough et al. 1996). Suppliers starting a partnering relationship have a great 
opportunity to offer their customers extra, value-adding services. The object, of 
course, is to become a preferred supplier to key customers (Boversox 1990). 

2.4 How to start a partnering relationship? 

The construction business consists of separate projects traditionally involving 
constantly changing parties. Although the projects are unique, there is no need to 
change actors with every project. The building methods and materials are always 
quite similar, so why should the contractors and suppliers change every time? 
(Wegelius-Lehtonen et al. 1995) 

By definition partnering is commitment and trust, and there is not necessarily 
the need for a legal contract. In strategic partnering there is benefit for all parties to 
develop an agreement. In project partnering the goals for the specific project are 
drawn and agreed at a special workshop before the project (Matthews 1996). 
Project specific partnering is probably the most convenient way to start absorbing 
new ways to think and act. 

A specific team is necessary for organising project specific partnering. This 
team is referred to the joint workshop (Loraine 1994), project team (Matthews et al. 
1996) or action research team (Wilson et al. 1995). This team is needed not only 
for a specific project but also to catch the knowledge and to ensure that the same 
results can be achieved in future projects. 
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Wilson (1995) recommends, that the following steps be taken on the road 
towards partnering: 

• organising for change 

• describing present state 

• defining future state 

• planning for change 

• implementing and managing change 

• institutionalising change. 

These steps can be found in any organisational development handbook but they still 
are good to re-emphasise. The key points are that change must be planned and 
managed well, and that the results have to be utilised. Wilson (1995) also points out 
that leaders must remain committed to change throughout planning, 
implementation, intervention and stabilisation. 

Loraine (1994) goes into more detail while he stresses the need for a formal 
approach on project specific partnering. This approach should specify: 

• preselection process 

• workshops 

• champions 

• facilitator 

• quality 

• contract award criteria 

• form of contract. 

Preselection process 

There is a need for changing the culture to eliminate speculative bidding (Loraine 
1994). This can be implemented together with quality management which often 
involves the formal classification of suppliers’ or contractors’ capabilities. 

Workshops 

Joint workshops of both client and contractor (or contractor and supplier) key site 
and head office personnel involved in the project are set up to promote culture 
change and teamwork. The workshops will start immediately following the contract 
and will continue throughout the project duration at periodic intervals and as 
required if problems develop. Facilitators should control the workshops but they 
are not involved in the decision making process. (Loraine 1994) 

Matthews (1996) illustrates an example of a client-contractor project team that 
met every Friday during the construction project. The team consisted of the 
contractor’s commercial, design, engineering and site management representation 
together with client’s management, surveyor, architectural and engineering 
representation. 
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Champions 

Key persons in project partnering and in the workshops are the change champions 
in both organisations. They are individuals who are committed to making the 
partnering process work. They should also meet the facilitator occasionally outside 
the workshops. (Loraine 1994) 

The champion is the person who identifies the project’s goals, opens doors, 
motivates, maintains and coordinates the group. (Marquardt 1996) 

Facilitator 

The facilitator organises the workshops but does not take part in the decision 
making process. The role of the facilitator is vital in keeping the discussions away 
from purely contractual questions and towards maintaining cooperation and shared 
interest. Normally the facilitator comes from organisations specialised in 
behavioural sciences. An optimal mix would be an engineer with teamworking and 
interpersonal skills. (Loraine 1994) 

In organisational development literature the outside facilitators or consultants 
are generally considered to be one of the key points of successful change. Other 
important points are management support and wide peirticipation. 

Quality and safety 

Loraine (1994) notes that project partnering and total quality management share a 
common philosophy: 

• commitment at the highest level 

• unqualified focus on customers’ requirements 

• shared communication 

• joint problem solving 

• continuous improvement. 

Contract award criteria 

After the bidding process two or three of the most favourable bidders should be 
interviewed. Discussions with key personnel should clarify their knowledge and 
commitment to the partnering process. (Loraine 1994) 

Form of contract 

In addition to the traditional forms of contract there should be mutual voluntary 
agreements of objectives, communication, problem solving mechanism, roles of the 
champions and facilitators, workshops, mechanism for adjusting price, quality 
programme, monitoring and continuous improvement procedures. (Loraine 1994) 
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2.5 Logistics partnering 

There are numerous examples of logistics partnership in various industries. In the 
construction industry there is no single manufacturing plant where material flows 
are concentrated. This does not, however, restrict the possibility of partnering with 
suppliers who deliver their goods from specific sources with specific carriers. 

Logistics can be seen as a system set up to meet customer service goals. We 
must fully understand the service needs of the various markets that we address and 
then seek to develop low cost logistics solutions. There should be service standards 
for specific customer groups. While the services are standardised they can be sold 
within the known order cycle time. Non-standard services result in high variation of 
cycle times. (Christopher 1992) 

Christopher (1992) discusses supplier development teams at Nissan Motors 
UK. The purpose of these teams is to work together with suppliers to seek out ways 
in which the relationship between the two parties can be made mutually beneficial. 

That is clearly partnering with suppliers. If it works in the automotive industry, 
why wouldn’t it work in the construction industry too? After all they both are 
assembly based production. 

Christopher (1992) sees the future challenges in logistics to be shifting: 

• from function to processes 

• from profit to profitability 

• from products to customers 

• from transaction to relationship 

• from inventory to information. 

All of these points fit into partnering. Actually many of them even require 
partnering. Or how else could you imagine operating processes in close relationship 
with the customers? 



3 FRAMEWORK OF PARTNERING ALONG THE CONSTRUCTION 
LOGISTICS CHAIN 

In the last five years a method for project partnering in construction logistics has 
been developed in the TAI Research Centre at the Helsinki University of 
Technology. Knowledge of logistics researchers and organisational development 
are combined to help construction companies and their suppliers to develop 
logistics in close cooperation with each other. The method has been developed and 
tested in several case studies. For the first time it is used on large scale as means of 
partnering in the case described later. 

The method emphasises a process view over the logistics chain. Boundaries 
have to be crossed both inside the organisation between different functions and 
moreover between different organisations. All the parties along the logistics chain 
are involved in the partnering process. (Figure 1) 
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Supplier Construction company Customer 



Figure 1 The order-delivery chain in a construction project. 

3.1 Participants on the partnering process 

Involvement is needed both on the operational and management levels. Operational 
level involvement means active participation in the workshops. Management 
involvement means allocating sufficient resources to partnering but also organising 
a high level steering group together with partnering companies. The role of 
management is extremely important in motivating other parties of the chain to 
project partnering. During the partnering the steering group meets only every two- 
three months to control how things are improving. The operational resources 
participate on the partnering workshops. 

The key operational resources are: 

• representatives of the site, engineering and purchasing from the main 
contractor 

• representative of the sub-contractor (when used) 

• representatives of sales, planning, production and dispatching from the 
supplier 

• representative of the transportation company (or department if in-house) 

• change champions from the main contractor and the supplier 

• facilitators from an outside organisation. 

Representatives of the client and architect are needed only if the supplied 
material involves specific architectural design. While all the parties on the order- 
delivery chain are represented the possibility of sub-optimisation is eliminated. The 
implementability of every development action is evaluated on multiple points of 
view and only the realistic ones will survive. 
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3.2 The role of partnering on development 

Partnering is used only as one part on developing the order-delivery chain (Figure 
2). The process starts from © a need for change. ® Current situation and ® future 
vision are defined before any development is done. The development actions need 
to be ® tested and ® evaluated before a wider implementation. This framework is 
quite close to the PDCA-cycle (Plan-Do-Check- Act) of the quality philosophy. 




Figure 2 The development spiral. 

Before starting project partnering there has to be a need for change - the reason 
why to develop at the first place. To know where you want to go, you also need to 
know where you stand at the beginning. We have used benchmarking to define the 
development needs and potentials on the present order-delivery chain. Based on the 
benchmarking results a vision for the future order-delivery chain is drawn. This acts 
as basis for the project partnering. 

All the partnering companies are involved also in the benchmarking state 
which serves as motivating for the partnering. The benchmarking state reveals 
usually a lot of problems, small or large, along the logistics chain. These problems 
tend to occur at the boundaries of separate functions and organisations so no single 
company can solve them alone. Project partnering is definitely needed. 

Project partnering is used to develop, test and evaluate new practices for the 
order-delivery chain. 

3.3 Partnering workshops 

The key operational persons on the project are gathered in to joint workshops. 
These workshops are held before, during and after the order and delivery on a 
specific project. On practical reasons most workshops are held at the construction 




54 



Part Two Comprehensive Views of the Extended Enterprise 



site. But it is fruitful to held at least one workshop at suppliers factory so all the 
participants get a clear picture also from the activities that happen there. 

A minimum of four workshops are held on the interval of two to four weeks. 
The duration of each workshop is two to four hours. The workshops are based on 
teamwork methods and open discussion. The workshops concentrate on: 

1^^ Clarifying all the actions on the order-delivery chain and defining problems 
on the chain partly based on the benchmark results. 

2"^ Defining preliminary solutions to be developed into new practices. 

3^^ Further development of the solutions and deciding on the practices to be 
tested on the deliveries to the site. 

Delivery: testing new practices on the site. No actual workshop although the 
suppliers representative might be following deliveries at the site. 

Evaluating the success of the tested practices. Deciding the actions on 
further developing and implementing the practices. 

On a case where there are multiple deliveries workshops 3 and 4 are usually 
repeated between deliveries. 

The facilitators are responsible on arranging the workshops, but between the 
workshops the change champions have a major role. They are responsible on the 
development actions needed to develop the practices. In addition to the champions, 
responsible persons are named for every development action. The nature of the 
development actions can be either continues, small step, improvement of existing 
practices or radical improvement and totally new ways to do things. 

The workshops can result to not only developing and implementing the new 
practices but also on creating a culture and mechanism for further partnering 
actions between the companies. 



4 CASE EXAMPLE OF LOGISTICS PARTNERING IN A NORDIC 
BUILDING MATERIAL SUPPLIER GROUP 

4.1 Background 

Since the beginning of 1996 TAI Research Centre has been facilitating a partnering 
project in a building material group operating in the Nordic countries. The group is 
young and expanding with lack of common order-delivery practices or even 
knowledge of the multiple existing practices. A benchmarking study has been 
conducted to outline the current practices on the group of seven companies (Nyberg 
et al. 1997). The order-delivery process between the company and its customers is 
regarded as a highly important process in order to gain customer satisfaction. The 
group has an long term aim on moving from supplying bulky construction materials 
towards selling more logistics services to the customers and supplying a far more 
ready part of the building. The benchmarking study raised two major questions 
related to this: 
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• What kind of products and services we want to offer our customers? 

• How do we build up those product and service concepts? 

To answer these questions customer expectations and limitations have to be 
studied. Project partnering provides great means of both defining, developing and 
testing these product and service concepts. 

The aims of the partnering project are: 

• to clarify customer needs 

• to develop the order-delivery chain 

• to offer new well defined and standardised services to different customer 
groups. 

The building material supplier group has various important customer groups that 
partly differentiate by the country. In order to cover a broad customer mix three 
partnering projects are carried out together with different types of customers. The 
case customers are: specialised sub-contractor in Finland, pre-fabricated house 
manufacturer in Finland and traditional main contractor in Sweden. Later on there 
will be one with a pre-fab house manufacturer in Sweden, and possibly various 
cases in Denmark and Norway. The nature of the group of seven companies 
provides great opportunity to conduct the study on a wide range of customer types 
providing a quickly a great amount of new ideas. 

4.2 Preliminary results 

The case is still ongoing until the end of 1997. Some results from the two Finnish 
cases and guidelines for the first Swedish case are already available. The order- 
delivery chain divided to information flow and material flow. The results can be 
divided the same way. 

Case results concerning the information flow: 

• updated order form 

• standard start-up meeting between the main contractor and the specialised 
sub-contractor 

• updated assembly instructions 

• standard driving instructions 

• order confirmation sent to fewer locations. 

Case results concerning the information flow: 

• new dispatching and loading arrangements 

• better control of selling the by-products 

• standard services for direct delivery to the assembly place 

• comparing various types of packaging 

• indicating the unloading spot. 
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The first Swedish case is concentrating on quite similar issues. The order- 
delivery chain together with the problems is alike the Finnish cases, so the expected 
results are the same. It is, however, vital that the Swedish personnel can work out 
their own solutions for their own problems. 

Some of the results, e.g. new order form and assembly instructions, can be 
utilised right a way on the precise partnering site. Some results, e.g. new 
dispatching arrangements, need more development effort before they can be widely 
implemented. In addition the partnering process provides valuable data for other 
relevant development projects. E.g. there are plans of renewing the packaging 
system and machine in the near future, and the partnering process gives an 
opportunity to compare different solutions and their effects on the factory, on 
transportation and on the on-site activities. 

The results are measured partly quantitatively but mostly qualitatively. Most of 
the results make the order-delivery chain operate more smoothly. This, according to 
the quality philosophy, means also better cost effectiveness. 



5 CONCLUSIONS 

The power of partnering is on putting people and organisations work together in 
order to solve shared problems. Our experiences have shown that partnering works 
well also in construction logistics. On the new quality-driven construction market 
there is a tremendous need for means to ensure quality. For the main contractor, 
partnering with the suppliers is as important as partnering with the client or sub- 
contractors. Project partnering provides a lot of practical results and is therefore 
very effective on implementing change - far more effective than theoretical 
management visions. 

Because partnering aspects are new on construction business, the role of a 
outside facilitator is important at the start. On the long run organisations shouldn’t 
be dependent on outside knowledge. This puts requirements on capturing the 
relevant knowledge on the organisation. In our case study the aim is at training the 
Swedish change champion to be an internal facilitator in the future cases. A local 
change champion will still be needed. 

There were some differences between the two Finnish cases. The pre-fab house 
manufacturer was far more eager to develop and try new solutions than the 
specialised sub-contractor. This can be a results of various aspects. 

The sub-contractor works with the specific material on daily basis. They have 
developed their own processes to be as smooth as possible under the present 
circumstances. If the supplier changes e.g. packaging, it has an instant negative 
effect on the sub-contractors performance. What they could not realise is that 
changes are necessary and, they had a great opportunity to affect them. There was 
no change champion from the sub-contractor involved in the partnering. This may 
be one of the major reasons for lack of motivation and change resistance. The 
company quality engineer will participate on further development. 
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The pre-fab house manufacturer has realised the importance of partnering with 
the suppliers. They see their own role as the assembly line putting together the 
supplied materials. They have already reduced their supplier base to under 50 and 
believe on close relationships with the suppliers and on continuous improvement. 
There was a change agent from the pre-fab house manufactured involved in the 
partnering process. These things were fruitful for the success of the process 
partnering and it seems obvious that the two companies will continue towards long 
term partnering relationship. 

The process view over the logistics chain is a vital aspect of partnering. The 
different actors have to realise their role as a part of the larger system. Only then 
they will be motivated on working towards win-win solutions. Understanding the 
whole process also leads on involving all the required actors in the partnering 
process and reaching realistic solutions. 

Partnering along the construction logistics chain can gain a competitive edge 
but it requires innovative manners in which the parties align their operations to 
obtain mutual benefits. 
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Abstract 

The growing importance of environment and social aspects has lead to the 
emergence of the life cycle concept and to Sustainable Industrial Production. The 
Products-Processes life cycle matrix must then change to respond to mutations of 
the context. It may follow a stepwise path combining innovation (new generations) 
and evolution (within a generation). The model described containing 
“Manufacturing”, at network level, of current products and (Genetic Matrix) of 
“future” products-processes generations, has been named ManuFuturing. Because 
of its capabilities to respond, through Research and Innovation, to context changes 
ManuFuturing may be seen as a contribution to a Sustainable Production model. 
This paper describes, the first top level of the Model, that is the Self Innovating 
Extended Factory. 
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1 INTRODUCTION 

The economy, the society and the technology evolve continuously and call for 
changes of products and related processes. The growing importance of environment 
and social aspects has lead to the emergence of the life cycle concept and to 
Sustainable Industrial Production. The Products-Processes life cycle matrix must 
then change to respond to mutations of the context. It may follow a stepwise path 
combining innovation (new generations) and evolution (within a generation). 
Industry must therefore respond to the challenge by creating networks where there 
is a close relationship between Virtual Factory (where the life cycle of 
product/process is created) and Physical Factory (where the same life cycle is 
tested). The networks for the innovation cycle will include academic partners, 
research centers, technology transfer centers, industries, suppliers and even clients: 
the integration of various networks would lead to a self-innovating extended factory 
(SIEF). It will be able on one side to respond to market tactic needs, on the other 
side, to the “demand curve”, by “producing” and “maintaining” generations of : 

• products 

• processes, including its own configuration. 

The model described containing “Manufacturing”, at network level, of current 
products and (Genetic Matrix) of “future” products-processes generations, has been 
named ManuFuturing. Because of its capabilities to respond, through Research and 
Innovation, to context changes. ManuFuturing may be seen as a contribution to a 
Sustainable Production model. 

Our investigation on the interaction between research institutions and industry 
has shown that it is necessary not only to create the “virtual networks” but also to 
find mechanisms of transfer between the “virtual” and the “physical” networks. 
Several production paradigms have been proposed, but mainly at the “micro” level 
that is at the physical network of suppliers and end-users. The macro level is 
instead responsible of the strategic long-term response of the industrial innovation. 
The trend here is towards the development of methodologies and tools for the 
systematization of information (through networks) and Synthetic Intelligence. Each 
level interact with each others but with different time scale. For example a new 
scientific discovery may lead to a concept for a new industrial product. To 
transform this concept into a real product, it will be necessary conceiving, 
prototyping and experimenting a whole life cycle of process and manufacturing 
modules. This can be done by transmitting the information to the lower level in 
order to experiment through the mechanism of the Virtual Factory the innovative 
concept of the upper level. This will be efficiently performed only within a well 
tested “virtual network”. The paper concentrate on the methodologies and examples 
of the Self-innovative Extended Factory concept. 
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2 THE MANUFUTURING MODEL AND PROJECT 

The ManuFuturing model approaches the problem of achieving the sustainability 
in production by considering four distinct levels (Boer, 1996), each one with a 
different time scale and different detail of investigation (see Figure 1). The lower 
level is responsible for the development and maintenance of the independent 
manufacturing modules. 



CONCEPT PROTOTYPING EXPERIMENTATION 




Figure 1 The ManuFuturing model. 

the level above is responsible for the integration of modules of the lower level in a 
“factory”. These two lower levels will be working with the mechanisms of 
evolution and the genetic matrix anti-obsolescence maintenance (Boer, 1996). 
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Figure 2 The Genetix Matrix of Product/Process in a Sustainable Production context. 
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The two upper levels are concerned with Innovation or the development of the 
Genetic Matrix of new product/process in a Sustainable Production context (see 
Figure 2). 

At these levels the concepts of “Virtual” and “Physical” networks are essential 
in order to cope with the complexity of the product and related processes. Each 
level interact with each others but with different time scale. This approach is 
particularly efficient when we are dealing with a “discontinuity” or a radical 
innovation or a “generation gap” but also with “genetic evolution” as shown in 
Figure 3. 



Demand curve 

Sustainable Quality by market and 




Figure 3 The Innovation process to respond to market and environment demand. 

For example a new scientific discovery may lead to a concept for a new 
industrial product. To transform this concept into a real product, it will be necessary 
conceiving, prototyping and experimenting a whole life cycle of process and 
manufacturing modules. This can be done by transmitting the information to the 
lower level in order to experiment through the mechanism of the Virtual Factory 
the innovative concept of the upper level. This will be efficiently performed only 
within a well tested “virtual network”. Therefore the “virtual network” has the two 
dimensions: vertical to test and experiment through the VF and PF and horizontal to 
improve the concept into a working prototype and experiment and create the 
“physical” network of the SIEF and SIF. It is also clear that each level is working 
towards a self-innovation. 

The model, developed by ITIA, is implemented in a Eureka Factory Project 
with a network of Research Institutes and Industrial Partners. The top strategic 
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levels have been implemented. They consist of R&D Centers (ITIA and CIMSI) in 
connection with ZEM (Zanussi Elettromeccanica) and Precicast as first end users 
and various suppliers. The horizon is 4 to 5 years and it deals with the Products and 
Processes. A Virtual Network is in a construction phase using methodologies and 
tools centered on “physical networks” like Intranet and Internet. ITIA will be 
testing the ManuFuturing model and enriching it, with the help of (present and 
new) partners, through the results obtained in various industrial plants. 



3 THE IMPLEMENTATION MODEL OF THE SELF-INNOVATIVE 
EXTENDED ENTERPRISE. 

An Extended Enterprise is normally based on a network of prime users and several 
suppliers and clients. It is organized to deal with mainly the business process in the 
most efficient way. The concept introduced in ManuFuturing is concerned with the 
innovation cycle as explained in the previous chapter. There are no available model 
in the literature concerned with the integration of the innovation cycle in the 
extended enterprise. There are some projects that deal with the change of the 
organization when the company is evolving towards new markets or new products 
but little attention is given, also because it is a relative new field, to the integration 
within the extended enterprise of the primary source of innovation that is R&D 
centers. Universities or up-front high tech SMEs. The various R&D programs (like 
Eureka or the IV Framework Program) can be taken as example of model for the 
SIEF but they normally are limited to the duration of the project and there is no 
mechanism to establish a self-sustainable network or extended enterprise. Lately 
the success of such initiatives as the Thematic Networks, shows that there is a 
necessity for the establishment of such organizations but they seems mainly to be 
limited to Universities and R&D centers with a minor participation of enterprises. 

To be able to set up an extended enterprise it is necessary to establish the right 
cooperation with the right suppliers. To set up an extended enterprise for the 
innovation cycle (a SIEF), it is necessary to set a network with the suppliers that 
becomes partner but also to share some of the activities of R&D with some 
institutions able to supply highly skilled and trained personnel. Particularly in the 
case of highly sophisticated and up-front technologies, an interface with R&D 
centers and Universities has to be established. This interface is difficult to be 
managed in particular for SMEs. It is necessary therefore to have an intermediate 
partner that is half way between a advanced research institute and an enterprise that 
is directly selling on the market. It is known that be really innovative ine does not 
have to be too much specialized in order to not have preconceived feelings towards 
ideas that seems to be too much revolutionary. Furthermore the resources that has 
to be employed by a company to attack and sold directly into the market are very 
high and, for some companies, of such entities to be an impediment to maintain a 
strong and enough efficient R&D team. An example it is what has happened in the 
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field of CAD industry where an innovative team developed a new core technology 
for 3-D geometry that is now the geometric engine of almost all the existing 
commercially available CAD systems. A survey of these commercial CAD systems 
have shown that only one tenth of the turnover is dedicated to advanced R&D while 
the rest is for marketing, client contacts, maintenance but also the development of 
less high tech technologies like good GUIs and integration between the various 
tools that are today part of the integrated package surrounding the CAD systems. 
Therefore the company developing the core technology can fully dedicate its highly 
skilled personnel to the most advanced research. 

We have been studying and implementing a similar approach in the field of 
machine tool and robotics where new technologies promise a “jump” in evolution 
of these machines based on parallel kinematics (Annacondia, 1996). But these new 
technologies require an intensive and highly skill research team that most machine 
tool companies cannot afford because of its size particularly in Europe. Two of 
these machines will be part of the manufacturing process of two companies 
belonging to the ManuFuturing project and the integration of development of these 
machines will be one of experiment to test the ManuFuturing model. 



4 TOOLS FOR THE SIEF 

We believe usage of inter-organizational systems (lOS) will grow because of the 
need to integrate disparate organizations or individuals in the same IT-enabled 
processes, independently of formal boundaries. Information technology now allows 
us to consider and integrate whole value chains, independently of geographical or 
organizational boundaries. In most companies, the traditional IS/IT spending has 
been focused up till now on intra-enterprise projects, but a new source of added 
value can be derived from extending the scope of the IT projects. This is called IT- 
enabling the extended enterprise. 

For the common functioning of the extended enterprise the following are the 
tools that accepted as almost standard: 

• electronic mail linking all partners 

• shared document databases, containing a copy of every document produced by 
the team (meeting minutes, software specifications, project plans, etc.) 

• discussion databases, useful especially at the beginning of the project to discuss 
design conflicts 

• a database containing copies of each piece of software developed, allowing the 
different design teams to keep track of each other’s progress, and allowing the 
users to look at prototypes and react quickly 

• a database containing resource use tracking, allowing the comparison with plans 
and insuring the respect of time and costs budgets. 
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In addition to the above tools, we are studying the implementation of other tools 
that we feel will be particularly useful for the SIEF: 

• interactive TV, 

• videoconferencing 

• virtual reality 

In the ManuFuturing project the R&D institutes and the industrial partners will 
be connected by interactive TV and videoconferencing in order to be able to 
monitor the work done at each partner site and make on-line conference on project 
progress. Virtual Reality started as a tool to enhance games and as expensive 
simulation for flight training and army simulator. Today it is becoming a tool for 
Concurrent Engineering (Imperio, 1996) and is used in the ManuFuturing project to 
help the design team to investigate new advanced manufacturing processes and 
equipment. Virtual Reality is part of the Virtual Manufacturing Environment. The 
approach of virtual manufacturing is very effective for the new requirements of 
manufacturing technology (Bianchi, 1996). It allows easy reconfiguration and 
extension of a system by offering systematic and modularized knowledge of 
manufacturing, and it makes computer support activities transparent for human 
understanding. 



5 CONCLUSIONS 

The paper is describing a model of Extended Enterprise that include the process of 
life cycle innovation of product and process. The Self-Innovative Extended Factory 
(SIEF) is part of a larger framework model called ManuFuturing that is the base for 
the a project with same name. This project, running under the umbrella 
EUREKA/Factory project, will test the model and in particular the Extended 
Factory in a real environment involving factories, suppliers and R&D institutions 
for the manufacturing of components and groups to be part of white goods. 
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Abstract 

This paper presents some first practical results obtained in the framework of the 
ongoing VEGA* project. It discusses the analysis of concrete business cases which 
have been used first in order to determine the potential of industry sectors for 
virtual organizations. These cases have also been exploited to determine, in a first 
iteration, the general requirements for virtual enterprises cooperating support 
systems and to find generic aspects which can be exploited in the specification of 
reference models. The analysis of the cases allowed us also to point to some very 
practical issues which have to be taken into account for the design of a systematic 
approach for designing and developing this type of systems. 
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1 INTRODUCTION 

As a result of several trends (economical, technological, and social) today’s 
corporations, especially Small and Medium Enterprises (SME) face enormous 
pressure to form alliances and to collaborate (see for example (Bentley et al., 1995), 
(Birchall, Lyons, 1996), (Collins, Porras, 1995), (Hagel, Armstrong, 1997)). The 
economic environment is getting always more turbulent, instable, uncertain and 
extremely competitive. Markets are both globalized and fragmented. Products’ life 
cycles must be continually reduced. New sophisticated products are proliferating 
rapidly. The contribution of services in almost any value added chain is increasing 
constantly against the pure production part. Customers are requiring always more 
customized products and services, at lower prices, as well as comprehensive 
solutions. Technological innovations are bursting and spreading at accelerating 
pace. This is by no means an exhaustive list of all the problems today’s 
corporations are confronted with. These problems are especially representing a big 
challenge for SME. 

Everybody is preaching flexibility, innovation, swiftness in order to be able to 
survive and prosper. Large international business is moving from conglomerate to 
an organization consisting of a collection of units with core competencies, building 
a network of strategically structured business cells. A similar movement can be 
observed among smaller firms, which focus on their competencies and begin to 
build strategic networks. This trend is accelerating moreover that customers are 
requiring global solutions customized to their need. Customers are less and less 
willing to search at different locations for partial solutions which they have to 
assemble by themselves. Enterprises, of any dimension, are forced to change their 
processes, their organization and the way they are working and doing business, and 
to better exploit the facilities offered by the new information and communication 
technologies. Companies are radically rethinking their strategies, and engaging in 
strategic alliances (Erkes et al., 1996). Considering the range of possible 
partnerships an organization can undertake, planners have to make the choice of the 
co-operative strategy they will implement to build their companies’ core 
competencies and their market position, the choice of relationship or tie bonding 
the partners together and, of course, the choice of the partners. In order to be able to 
face large competitors on local markets as well as to have better access to 
international markets SME are increasingly choosing (implicitly or explicitly) to 
form “virtual enterprises” (see for example: (Frankwick et al., 1995), (Goldman et 
al., 1995), (Goldschmitt, 1996), (Grenier, Metes, 1996), (Handy, 1995), (Hardwick 
et al., 1996), (Heskett et al., 1997), (Hinterhuber, Levin, 1993), (Maier, Traxler, 
1995), (Maillat et al., 1990), (Martin, 1996), (Moore, 1996), (NIIIP, 1996), (Probst 
etal., 1996), (Upton, McAfee, 1996)). 
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Many definitions have been given, of course, to the concept of “virtual 
enterprise”. We will not give here another definition and enter in the debate for 
finding the best one see, for example, (Arnold et al., 1995), (Chesbourg, Teece, 
1996), (Davidow, Malone, 1992), (Griese, 1997), (Mertens, Faisst, 1995), (Probst et 
al, 1996)). 



2 THE VEGA* PROJECT 

2.1 Objectives of the VEGA* Project 

The objectives of the VEGA* project are, on the one hand to propose 
organizational as well as Information Systems frameworks. These frameworks 
should facilitate the set-up and the development of specific Virtual Enterprise’s 
organizations and the implementation of cooperating support systems for these 
virtual organizations. The focus is on supporting the Small and Medium Enterprises 
(SME). On the other hand, prototypes will be built to demonstrate the use of such 
frameworks. Cooperating support systems for virtual enterprises are designed with 
the goals of enabling the rapid creation and the use of a supporting infrastructure 
for virtual enterprises in specific industries, and of facilitating the establishment 
and the maintenance of efficient ways of cooperation among the partners of the 
business network and between partners and their customers. 

2.2 The Participants 

The VEGA* project is mainly financially supported by the Swiss Telecom PTT 
(Swisscom), and the CTI (The Swiss Federal Commission for Technology and 
Innovation) with academic and business partners (The University of Lausanne 
(Prof A.-R. Probst, INFORGE-HEC), the University of Berne (Prof J. Griese, 
IWI) the Swiss Federal Institute of Technology of Lausanne-EPFL (Prof Cl. 
Petitpierre, LTI), as well as currently, the following enterprises: Swiss Telecom 
PTT (main sponsor principal), Linkvest S.A. (Renens) and Polydata-Informatik- 
Gruppe (Zurich)). 



3 CASE STUDIES 

The VEGA* project began with the gathering and analysis of business cases. 

3.1 Purpose 

We designed and made structured interviews (mainly face-to-face discussions) in 
order to build a set of practical case studies which were used to 
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1. evaluate the potential of different industry sectors, i.e. the motivation and the 
capability of the enterprises within these sectors to adopt rapidly this new form 
of organization and of cooperation. 

2. determine the main organizational and behavioural issues, as well as the first IS 
functional requirements. 

The current business processes and Information management tools of the 
enterprises interviewed are evaluated in relation to the need of virtual organization. 
Organizational, behavioural and functional requirements are determined. We are 
trying also to discover generic patterns independent of an industry, as well as 
generic patterns within specific industries. 

3.2 Case studies analysis 

Currently 2 sets of case studies have been used: 

a) Currently about 30 cases prepared especially for the VEGA* projects with 
enterprises belonging to different industries sectors in Switzerland. These cases 
were first exploited to determine the potential of different industry sectors in 
Switzerland. 

b) About 30 cases in the IT sector mainly in Germany. These cases have been 
prepared by Pascal Sieber especially for the preparation of his doctoral thesis thesis 
(see e.g.: (Sieber, 1995), (Sieber, 1997) and (Sieber, Griese, 1997)) and kindly 
made available also for the VEGA* project. These cases have been first exploited 
to position specific enterprises in their evolution stages towards virtual 
organization. 

Two analysis grids were used: 

The first grid serves for the evaluation of the potential of industry sectors (see 
Figure 1). The potential for the implementation of an Internet based, cooperating 
support system was measured by the following four criteria: 

• Adequacy of virtual structures: Concerning the formation of virtual structures, 
several requirements have to be met. Subcriteria to be examined are aspects of 
the value chain process as well as aspects of market structures. 

• Motivation: For a detailed analysis of business processes as well as for the 
testing of a prototype, appropriate partners are required. Subcriteria relate to the 
competition induced need for action (implicit motivation) and the willingness to 
participate in a pilot (explicit motivation). 

• Potential benefits of a software system: Evaluation of potential advantages by 
means of the extent of functionalities to be implemented. 

• IT-support: Support of business processes, particularly the integration of Inter- 
net services in interorganizational business processes. 
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Figure 1 Criteria for industry sectors analysis. 



As a result of a first analysis of 15 industries in Switzerland, the sectors of 
Information Technology (IT), Multimedia, Advertising and Microtechnology were 
chosen for a detailled evaluation. The final choice fell on the IT-Industry, namely 
on the businesses of IS-engineering and consulting services. The following 
statements will explain this decision. 

• Adequacy of virtual structures: Concerning market structures, all four industries 
consist of a large number of small and medium enterprises. To offer global 
solutions, specialized enterprises are increasingly forced to cooperate for 
specific projects. Hence, there is a real need for the support of 
interorganizational business processes. The results of the study show that a main 
advantage of the IT-Industry is its ability to clearly define and execute modular 
tasks, the basis for a distributed value chain. Concerning the other three 
industries, face-to-face contacts are given more importance. For example, firms 
of the Microtechnology sector tend to form regional clusters to meet their 
communication needs. 

The only disadvantage of the IT-Industry is the comparatively low 
cooperation culture. Because of lacking thrust, cooperation is often handled 
with scepticism, which usually leads to extensive contracting. The 
implementation of appropriate tools would make a contribution to overcome 
these barriers and therefore foster flexibility in terms of interorganizational 
cooperation. 

• Motivation to participate in a pilot: The interviewed persons of the IT-sector 
were the most willing ones for collaboration. One important reason is that 
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information and communication technologies are part of their daily business. 
Therefore, they have no fear facing new technologies. In comparison with other 
industries, the IT-sector has already a high penetration of the Internet 
technology. Moreover, some firms have already developed cooperation support 
systems on their own. Concerning the advertising industry, there are a lot of 
people who are mainly working in creative domains where technology rather 
plays a subordinated part. Advertising is a so-called “people-business”, where 
social contacts are given a high importance. In addition, there is a real need for 
face-to-face contacts during the evaluation of provisional results (see adequacy 
of virtual structures). For this reasons, people of this industry may tend to be 
sceptical when facing new technologies as the Internet. 

• IT-support: Considering the intraorganizational IT-support, there are no essen- 
tial differences between the four evaluated industries. The difference lies at the 
level of interorganizational IT-support, namely the integration of Internet 
services in interorganizational business-to-business relations. Here, the IT- 
Industry takes again a distinct leading position. 

• Potential benefits of a software system: The implementation of different func- 
tionalities might lead to essential advantages in cost, time and quality. Con- 
cerning all four Industries, there is a real potential for the support of project 
management processes and the use of a competence market. However, it seems 
that the IT-Industry would profit most by the use of a cooperate support system, 
because concerning the other three industries, the use of certain functionalities 
often fails due to too voluminous data to be transferred electronically. Today, 
transmission rates are usually too low for the transfer of e.g. CAD data. Hence, 
the transmission of data would be limited to simple documents - and therefore, 
the real potential of the Internet could not be fully exploited. 

The second grid that was used (Venkatraman, 1995) serves for the 
determination of the stage of a specific enterprise in its evolution towards a virtual 
organization. This grid can also be used for strategy development. 

According to (Venkatraman, 1995), virtualness can be divided into three 
dimensions (see Figure 2): 

• "obtain and coordinate critical competences": competence leverage; 

• "design of value-adding business processes and governance mechanisms" : work 
configuration; 

• "deliver differential, superior value": market experience; 
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Figure 2 Dimensions and stages of virtual organizing (Venkatraman 1995). 



These dimensions provide one of the methods used to analyse the business 
networks in our case studies. 

To illustrate the influence of ICS on the virtualness of a company, three stages 
in the development of IT enabled business reconfiguration are proposed (see 
(Venkatraman 1995)): 

1. Extension of BPR: the redesign of business processes is extended to external 
constituency mainly through the installation of EDI between different business 
partners to gain over all efficiency. 

2. Recreate the organization: concentration on core competencies and building 
outsourcing partnerships to gain access to new markets as well as to share assets 
with external constituencies. This leads to more effective processes. 

3. Recreate value: through the redesign of products and services exploiting modem 
ICS and combining external and internal modules of products, services and ICS, 
new value in the marketplace and market space (Rayport, Sviokla, 1995) is 
built. 

The focus of a set of questions asked to the case study companies was on the 
actual temporary arrangements and on the virtualness of each company 
participating in virtual companies. Virtualness has to be seen as "the ability of the 
organization to consistently obtain and coordinate critical competences through its 
design of value-adding business processes and governance mechanisms involving 
external and internal constituency to deliver differential, superior value in the 
marketplace” (Venkatraman, Henderson, 1994). This formal definition gained a lot 
of empirical evidence through the case studies and therefore builds the basis of the 
first part of this work. 
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This strategic and dynamic view shall be illustrated by some fragments of our 
case studies. The first coordinate to be discussed is work configuration: 

A systems integrator in south Germany has been formalising all the processes of 
project management and designed a workflow management system (WMS) to 
possibly control most parts of the activities. The WMS is accessible through Web 
browsers what gives the employees a free choice of their working place (at home, 
in the office, at the customers’ site). Project managers talk about an enhancement of 
capacities. They now can supervise more projects at the same time (administration 
efficiency). The idea of a software development company in Frankfurt is to give 
employees access to all relevant data in the company to enhance their capability. 
By doing so - through management information systems accessible by Web 
browsers - they soon recognised that many decisions do not have to be approved by 
directors, but can be made autonomously by project managers. The scope of this 
management layer has been enhanced (shifting social references). The final stage of 
virtualness in the work configuration dimension can be illustrated by a software 
development company in Munich: every year, some of the about 20 employees start 
their own company. By doing so they do not change the range of their activities. 
Rather they become partners of their former employer. As a result, this company 
remains relatively small. However a business network has grown over the last ten 
years, that delivers management information tools in the whole Europe and 
sometimes even overseas (redefine social references). 

In the dimension of competence leverage the stage one - efficient sourcing - can 
not be illustrated by our case studies because many of the service oriented IT 
companies do not rely on suppliers in the classical sense. What asset leverage can 
mean is illustrated by a software company in Leipzig which five years ago 
recognised that it can not survive with its narrow business scope. To broaden the 
scope of their products, heavy investments would have been needed, and the 
company had no possibility to finance them. In this situation the company was 
looking for partners that provide complementary modules to its own software. By 
1994 a business network was built that sells, maintains and supports an integrated 
standard software for medium sized companies. Every component can be installed 
independently and the whole product costs about 1/5 of comparable products sold 
by competitors. One of the problems that arise in such open business networks is 
the maintenance of knowledge. The above mentioned software company in Munich 
demonstrates one possibility to achieve this goal. It built strong relationships to 
several Universities and private research institutions. Together with these 
constituencies it conducts - as an industry partner - several research projects at a 
time. The results of the projects are combined with existing products or - which is 
more often the case - are taken as basis for the development of new products. Over 
the last twelve years the company has been building a large knowledge base that 
contains all the descriptions and the estimated potential of outcomes to become 
useful by maintaining the companies’ products (competence creation). 
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Finally some illustrations about leveraging market experience: often SME have 
access only to local markets. Larger companies more and more gain access to these 
local markets and start to compete - often through substitutes - with the SME. Some 
15 companies trading with hard- and software built an alliance supported by a 
virtual corporate network on the basis of combined Intemet/Intranet applications. 
Every company is specialised in the support of a bundle of products. Through the 
network of companies each small company with its specialised competencies gains 
access to several regions throughout Austria, Germany and Switzerland (channel 
access). By combining hardware, software and services delivered by different 
companies a network of companies in Switzerland manages to enhance the business 
scope above the level one single company could possibly reach. Through a joint 
Web site that is maintained decentrally the customer is provided a broad range of 
interactive components (service interaction). The most obvious stage in the market 
experience dimension for IT companies is solution creation. As most of the 
software products need to be applied to the special environment at the customers 
site nearly every company we met integrates the customers in the creation of value. 
The roles of customers and suppliers most often seem to vanish. The only feature of 
the entities remaining is that in the end the customer pays the supplier a certain 
amount of money for his help building or maintaining a system (solution creation). 

In investigating several SME that are using ICS to support and build business 
networks we recognised that - contrary to big companies - the path of development 
of virtualness is not through BPR and outsourcing to gain efficiency but rather 
through differentiation. The primary need for ICS in SME is not so much the need 
for automation through formalization and support of well-structured information 
exchange. SME need sophisticated communication systems to exchange 
unstructured information and only in further stage of their development of 
virtualness they will integrate these systems, and then will need systems for 
automated data exchange and representation of knowledge. Further, we found that 
the SME cope with a much more dynamic environment changing partnerships more 
often than large companies do, and participating in projects with companies they 
never met before. The ICS support therefore has to be built on an open platform. 
Compatibility, scalability and interoperability are very important features. As a 
third outcome of our study we saw that SME have not adopted very complex ICS 
so far. They are, in general, not heavy users of ICS and do not invest in strategic 
information systems. The tool set to be implemented therefore has to be oriented at 
"standard" software (such as Microsoft Office or Lotus Notes, for example) with an 
easy to use front end and great transparency. But such software alone is not 
sufficient. 
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4 THE CHALLENGE OF ADAPTING THE BUSINESS PROCESSES’ 
VALUE CHAIN 

For virtual enterprises as for conventional organizations the value chain of the 
enterprise is described by a set of business processes related to the Customer 
Activity Cycle (Probst, Wenger, 1997b). This begins with awareness creation and 
ends with support services. The objective is to integrate the customer into the 
system in order to achieve “Total Customer Care” 

The main business processes which were identified as requiring important 
transformation of the conventional enterprise business processes as well as the 
availability of new types of IS support are: 

• The virtual enterprise organization set up and development process (with the 
qualification process for belonging to the Virtual Enterprise network). 

• The competence management process. 

• The VE management by projects process. 

• The customer relationship management process (total customer care, including 
the marketing and sales processes); 

• The VE coaching process. 



5 PERSPECTIVES 

To better asset the requirements as well as to be able to translate immediately 
concepts into practical tools, prototyping is used continuously in the VEGA* 
project. The insights gained in analysing practical cases are exploited in 
concurrently expanding a prototype of the VEGA* system. This prototype is in turn 
used to get more practical feedback on concrete users requirements. 

The VEGA* system is designed to be open, distributed, scalable, evolutive, to 
facilitate the integration of existing systems and the interconnection of 
heterogeneous partners’ systems. 

Thus, a multi-agents architecture (Fischer et al., 1996) providing knowledge- 
based services facilities has been designed (see for example: (Probst, Wenger, 
1996a), (Probst, Wenger, 1996b), (Wenger, Probst, 1997a)). Such an architecture 

• is built upon the infrastructure consisting of Internet / Intranets and the Web (in 
order to take advantage of the increasing number of available products offered 
within this environment, and of the emerging standards). 

• can use the administrative facilities offered by operational applications, includ- 
ing EDI. 

The practical cases analysed until now have shown that successful virtual 
enterprises alliances are built within a network of potential partners (qualification 
procedure screens the enterprises which can belong to this business network). The 
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pool of enterprises of a business network constitute a pool of resources, 
competencies, knowledge, skills and experience, from which virtual enterprises will 
be built for specific projects, in order to be able to take together advantage of 
business opportunities. 

We have thus divided the knowledge-based services provided by agents into 
three categories: 

1 . services for the partners community (the pool of enterprises belonging to the 
business network), such as competencies bases, cases bases, 

2. services for setting up and supporting virtual enterprises built for specific 
projects, total quality management procedures, 

3. services for supporting and leveraging specific competencies of the partners, to 
be used during a project, or afterwards for customer care. 

These services are related to the requirements which have already been derived 
from the cases evaluated up to now. 

Another important aspects which will be studied is the impact of the 
development of communities on virtual enterprises’ organizations. As mentioned by 
(Hagel, Armstrong, 1997) the rise of virtual communities in on-line networks has 
set in motion an unprecendented shift in power from vendors to customers. The 
design of efficient electronic relationships within customers communities and 
between them and the virtual enterprises will certainly induce more transformations 
in the business processes, especially in a business-to-business context. These 
aspects will also be examined in the VEGA* project. 
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1 PRODUCTION PLANNING IN A MULTISITE PRODUCTION 
STRUCTURE 

1.1 Introduction 

The globalisation of production becomes more important even for small and 
medium sized companies. However, their motives for an international production 
are very different. One motive is the reduction of production costs by producing at 
low cost production sites. Other important reasons are e.g. by-passing certain 
political or juridical requirements and the advantage of favourable infrastructure 
and market conditions (Verret, 1993). 
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The production at distributed locations leads to a higher production planning 
complexity in comparison to companies that produce only at one site. A special 
requirement in a multisite production structure is the allocation of a single 
production order to different available production sites. Therefore an assistance of 
the order allocation by a decision support instrument seems to be useful. 

Due to an increased cost pressure and a high share of manual production 
processes, the clothing industry produces within a multisite production structure. 
By the example of the clothing industry the development of a decision support 
instrument will be demonstrated. 

1.2 Order allocation requirements by distributed sites 

The economical situation as well as the environment of companies with a multisite 
production structure defines typical requirements to the order allocation within 
distributed sites. 

If the production is performed only at one company, necessary capacities exist 
only in this company. In this case, a capacity levelling is performed under identical 
planning conditions like equal labour costs. If external capacities are integrated in 
the production process, the complexity of the capacity levelling will increase. 
Additional to criteria like e.g. dates and quantities that have also to be considered 
by an internal capacity levelling, criteria like e.g. transport times, quota regimes or 
international laws have to be taken into account. 

1.3 Order allocation criteria 

The performance of a production order leads to different capacity demands for 
particular production steps. A variety of different criteria are necessary to choose 
appropriate capacities (Figure 1). The most important criterion is the capacity 
availability for a special period. The two criteria capacity and time are mainly used 
for the capacity levelling by production planning and control systems (Kernler, 
1993). Especially in long term planning steps other aspects like e.g. the suitability 
of capacity for a special production order or a single machining step have to be 
considered. On the basis of criteria like e.g. technical equipment, production 
quality or required qualification the different capacities have to be checked if they 
are suitable for the processing of a single production process. In case of a positive 
review a capacity levelling on the basis of time and quantity is possible. 

The capacity planning with international distributed sites leads to an enlargement 
of relevant allocation criteria. At first criteria have to be considered which ensue 
from the geographical distance between alternative production sites and the parent 
company. Criteria like e.g. transport times between the parent company and the 
production site have to be integrated in the allocation process. In most cases, the 
legal and organisational independence between the parent company and its 
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production sites have also an effect on criteria like production surveillance or 
compliance with quality conditions. 




Order allocation criteria 

Criteria for internal capacity levelling 

j Criteria for a national multisite production structure 

* Criteria for an international multisite production 
structure 



Figure 1 Allocation criteria. 



The location of production sites outside the national borders results in a further 
group of allocation criteria. Allocations to production sites within the European 
Union require only very few additional criteria. Criteria like contrary agreements 
on working hours or different holidays have an impact on the allocation decision. 
Due to low labour costs a lot of production sites are located outside the European 
Union in East Europe, in North Africa and in south-east Asia. In this case criteria 
like e.g. customs regulations and international systems of trade become very 
important for an allocation decision. 



1.4 Definition of the allocation decision problem 

The criteria-oriented order allocation has to attain different objectives. Whereas 
minimised costs still represent the main target other objectives like better 
production quality and customer oriented logistic gain an increasing importance. 

A maximised achievement of each objective at the same time is not feasible. An 
improved order allocation has to deal with several competing objectives. There 
exists e.g. a conflict between an improved logistic performance and low costs. 

A criteria-oriented order allocation to international distributed production sites 
has to consider a variety of contrary allocation criteria. Different criteria 
characteristics express the requirements of a single order. The measurability 
structures the allocation criteria (Zimmermann, 1991). Hence order allocations 
have to consider criteria with different kinds of measurability. 

The aim of the described decision problem is an improved achievement of most 
relevant allocation objectives. In many cases the allocation criteria are very 
similar. But the criteria relevance can vary enormously. Therefore the criteria 
relevance has a large impact on the allocation decision. The allocation criteria must 
be weighted according to their relevance. 






Criteria-oriented order allocation 



85 



The planner has in general all relevant information. If special information 
deficits occur in most cases he can obtain the necessary information very quickly. 
A decision under certainty can be assumed. 

A production order is characterised by different order requirements. These 
requirements lead to a requirement profile (Figure 2). In contrast to the production 
planning in a singlesite company the requirement profile in a multisite production 
structure has to be adapted and enlarged. 

The requirement profile has to be compared with the profiles of the different 
production sites. The production site profile contains all allocation relevant 
characteristics of a single production site. Sites in different countries and regions 
differ according to country specific conditions. The profile regards all relevant 
conditions. The order allocation process needs a complete order requirement 
profile as well as a production site profile. The fit of an order requirement profile 
to the site profiles of international distributed production sites describes the 
suitability of an order to a certain site. 




Figure 2: Profile comparison. 

The comparison of both profiles has to be assisted in an efficient way. Therefore 
an instrument has been developed that enables the production planner to allocate 
an order to the most suitable site. Basis of the instrument is a set of analytical 
derived criteria combined with an allocation strategy that bases on the multi- 
criteria-analysis. 

1.5 Allocation strategy 

The multi-criteria-analysis methods only partially fulfil the requirements of the 
production planning with distributed production sites. In a decision tree all relevant 
criteria are arranged in a tree structure. The planner checks the fulfilment of every 
aspiration level for each possible solution. Solutions that fulfil any aspiration level 
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are banned from further considerations. A balance between calculation effort and 
decision quality offers the Analytical Hierarchy Process-method (AHP-method). 
The AHP-method solves even complex decision problems. In addition to this the 
experience and the valuation of the planner can be integrated in the decision 
process. The instrument for an criteria-oriented order allocation to distributed 
production sites uses the decision tree as well as the AHP-method. The developed 
allocation strategy is therefore based on both methods. The strategy combines the 
specific advantages and disadvantages of each method. 



2 CONVERSION IN A PRACTICE-ORIENTED INSTRUMENT 

2.1 Approach of the instrument 

The approach of the instrument to assist the order allocation to distributed 
production sites is characterised by different stages (Figure 3). The approach itself 
and the assistance of each stage guarantees a structured allocation decision process. 



Ord«r 
desciption 
critaria 





Critaila 

characteristics 



Critoria 

characteristics 



Production site 
raquiraments 



Description 

criteria 



Figure 3 Planning approach in a multisite production structure. 



Starting point of the order allocation to a production site is the order itself. Often 
the order recording fails in covering allocation-relevant information. Therefore a 
standardised order recording is essential. All information that is necessary for an 
efficient order allocation has to be pooled. The orders are recorded by order 
description criteria. The criteria can vary from company to company. Each order is 
described entirely. This builds the necessary data-basis for a criteria-oriented order 
allocation. 
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On the basis of an enlarged order description production site requirements can be 
identified. These site requirements define the necessary standards for a site 
performance. Finally the site requirements characterise the allocation criteria. 

The order allocation needs adequate information about the distributed sites. 
Often exist only unstructured and incomplete site information. A structured 
documentation that enables any person to get the relevant information that is 
essential for an criteria-oriented order allocation. In the instrument the site 
situation is described by site description criteria. 

The identification and adaptation of site information are more or less 
independent from an order. Even in case of a short term order a wide range of 
important site information is available due to the identified site description criteria. 
Only some essential information has to be updated in short time when a special 
order is recorded. Information to secure in short time are e.g. free capacities or 
delivery times. 

A consideration of all site requirements at the same time needs a weighting of 
each site requirement. The instrument guarantees a realistic weighting of site 
requirements by a objective hierarchy. 

In case of a concrete order entry the identified and weighted site requirements 
are compared with the site description criteria. A first rating founds on the 
identified must-criteria. This rating bases on a decision tree. A second rating 
compares all site requirements with the relevant site description criteria. 

The result is a ranking of alternative production sites. Finally the planner is free 
to choose the suitable site according to this ranking. Considering calculated 
fulfilment scores of each site he finally decides where the order will be processed. 

2.2 Assistance of allocation stages 

The object hierarchy arranges detailed objectives on different levels (Figure 4). On 
the basis of a top objective the planner structures the objectives in different 
objective groups on varying levels according to the allocation problem. This 
guarantees a flexible adaptation to each allocation problem. The hierarchy of 
objectives covers several levels. The objectives on the lowest level represent the 
order requirements to the production sites. The different order requirements can be 
summed in an order requirement profile. The profile has to be compared with the 
different production site profiles. 
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Figure 4 Order allocation with the AHP-method. 



3 ORDER ALLOCATION IN THE CLOTHING INDUSTRY 

3.1 Problem description for the clothing industry 

Especially the clothing industry in industrialised countries has to deal with certain 
requirements of international markets. It has to deal with a strong import 
competition and largely saturated markets. The enormous competitive pressure 
within the clothing industry, in combination with shorter product life cycles and a 
higher variety of stylish garments complicates the situation of the clothing 
industry. A growing share of stylish garments, shorter developing cycles, a 
declining share of fixed orders from the clothing retailers and shorter delivery 
times lead to special requirements for the clothing industry (Hurks, 1993). 

The trend to produce at different and distributed production sites offers the 
clothing industry on the one side enormous cost saving opportunities especially by 
low labour costs (Rigby, 1993). On the other side the co-ordination expense grows 
due to production at distributed locations. To keep the conversion charge low, the 
co-ordination has to be supported efficiently. Especially the allocation of 
production orders to distributed sites requires an criteria-oriented approach 
(Friemuth, 1997; Thierry, 1995). 

3.2 Structure of the clothing production process 

To get an idea of the production structure in the clothing industry the clothing 
production processes and the essential information and materials flows will be 
explained briefly (Figure 5). 
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Figure 5 Information and materials flow in a clothing company. 

The product of a clothing company is the collection. The collection consists of 
several different garment models. Especially clothing companies that work on 
market segments with very stylish garments develop and offer their collections on 
a seasonal basis. The incoming customer orders are handled in the order co- 
ordination. On the other hand garments are produced to stock. In case of stock 
production, production schedule plans are planed periodically. The order co- 
ordination as well as the production program planning follows the production 
requirement planning. At this planning stage a detailed purchase order for the 
textile suppliers is possible. Necessary external capacities at co-operation partners 
can be ordered. The production planning and control finally decides which order 
will be allocated to a certain production site. 

The finite planning is done at the distributed production sites. The actual 
production starts with the cutting from textile raw materials according to special 
patterns. At the next step, the sewing presents the core process of the clothing 
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production. In different sewing stages the final garment will be made. During and 
after the sewing process it is necessary to press the garments to gain certain shapes. 
The final production process is the finishing. The garment will get a marketable 
state here. The finished garments are delivered in most cases from a centralised 
stock at the clothing company. 

3.3 Order allocation on different planning steps 

The site requirement weighting depends on the planning step. In the same way the 
comparison of the site requirements and the site description criteria rely on the 
planning step. In each planning step the significance of a site requirement can 
change. Whereas long-term planning steps consider a large number of different 
order allocation criteria like e.g. site appearance, the short term planning steps 
reduce the criteria to important ones like e.g. delivery dates and quantities. The 
instrument contains groups of representative site requirements. These requirements 
are of value for the whole clothing industry. Figure 6 shows on the example of a 
clothing company with a seasonal job order manufacture criteria for each planning 
step. 
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Figure 6 Order allocation criteria for each planning step. 



In the first planning step, the seasonal order allocation for main product groups, 
the orders are allocated according to the requirements of the main product groups. 
Because of the long-range planning period and because of the large number of 
alternative production sites all identified site requirements are integrated in the 
planning process. In the following steps the requirements of the order are more 
detailed. Corresponding the significance of few site requirements become more 
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important. Because of the order allocation in the previous planning steps the 
allocation decision is made on the basis of a limited number of feasible production 
sites. The order allocation bases on the lower planning steps only on few 
significant requirements. The order allocation in the final planning step relies in 
most cases on the required dates and capacities. The remaining production sites in 
this planning step fulfil all relevant site requirements. The fulfilment of these 
requirements has been checked in the previous planning steps. In this way an 
efficient limitation according to the order processing type and to the planning step 
is possible. 

The application of the developed instrument for each planning step allows the 
consideration of all significant site requirements. Even in the short term planning 
steps all requirements are considered without a testing of each requirement in each 
planning step. 

3.4 Evaluation of the instrument 

The developed instrument covers the defined requirements. The selected allocation 
strategy and the transfer into a practice-oriented instrument for different planning 
steps allows an efficient order allocation. The whole allocation process becomes 
transparent and reconstructable. Relevant allocation criteria are considered by the 
instrument and the company strategy is integrated in the allocation process. The 
structured instrument approach and the possibility to adapt previous weightings 
relieves the planner for more complex allocation decisions. Finally the developed 
instrument can be integrated into existing data processing solutions. 

The usability of the instrument has been tested in different German clothing 
companies. Especially the structured approach and the assistance of inexperienced 
employees have been judged positively. An interested software company that is 
specialised in the clothing industry sees the integration of the instrument as an add- 
on to their existing production planning and control system. 

Furthermore the developed instrument seems to be adaptable to the requirements 
of other industries dealing with a high share of production processes in a multisite 
production structure. 



4 REFERENCES 

Friemuth, U. and von Wrede, Ph. (1997) Produktionsplanung bei verteilten 
Standorten: nicht nur Losung auf Knopfdruck, Bekleidung & wear, Volume 
49, Number 8, 32-33, 

Kernler, H. (1993) PPS der 3. Generation. Hiithig Buch Verlag, Heidelberg. 

Rigby, D. (1993) Patterns of success: what can the little dragons learn from 
successful textile companies in developed countries, in Asia and World 
Textiles (ed. The Textile Institute), Manchester. 




92 



Part Two Comprehensive Views of the Extended Enterprise 



Thierry, C., Besnard, P., Ghattas, D. and Bel, G. (1995) Multi-site planning: Non 
flexible production units and set-up time treatment, in 1995 INRIA/IEEE 
Symposium on Emerging Technologies and Factory Automation, Paris, 262- 
269. 

Verret, R. (1993) Textile plant location strategy in a global competitive 
environment, in Asia and World Textiles (ed. The Textile Institute), 
Manchester. 

Zimmermann, H.J. and Gutsche, L. (1991) Multi-Criteria Analyse. Springer 
Verlag, Berlin. 



5 BIOGRAPHY 

Dipl.-Ing. Dipl.-Wirt. Ing. Ulrich Friemuth is head of the logistics department at 
the Research Institute of Operations Management (FIR) at Aachen University of 
Technology. 

Dipl.-Ing. Dipl.-Wirt. Ing. Philip von Wrede is scientific engineer in the logistics 
department at FIR. 



6 ACKNOWLEDGEMENT 

The project „Optimisation of the production planning with distributed sites in the 
clothing industry** has been financed by the „Arbeitsgemeinschaft industrieller 
Forschungsvereinigungen AiF e. V.“ (consortium of industrial research institutes) 
with the number 10.335 N funded by the „Bundesministerium fiir Wirtschaft** 
(German ministry of trade and industry). 




8 

Manufacturing Systems Engineering 
for the Extended Enterprise 



f f f f 

E. Corradi , A. Bartolotta , M. Garetti , M. Rabe* and 
A. Raimondd' 

^Politecnico di Milano 

piazza Leonardo Da Vinci 32, 1-20133 Milano, Italy 
^IPK Fraunhofer Gesellschaft 
Pascalstrafie 8—9, D-80587Berlin, Germany 

Candy Elettrodomestici, 

via privata E. Fumagalli, 1-20047 Brugherio (MI), Italy 



Abstract 

This paper describes an ongoing research project, funded by the EC Esprit program, 
aiming at developing a software workbench supporting the manufacturing systems 
engineering process. The system provides a user-friendly and powerful 
environment in which tools supporting the conception, design and evaluation of 
manufacturing systems will be integrated in a common framework. The foundation 
of the workbench is a descriptive method of the domain of manufacturing systems 
(based on the object-oriented methodology), enabling the description of all the 
aspects of a generic manufacturing system. The paper describes the main design 
issues of the workbench and presents its logical architecture; then it underlines how 
this system can allow the coordinated work of many design teams of a distributed 
company thanks to the standard descriptive method used to describe manufacturing 
systems. 

It is possible to foresee that such a system could have a dramatic impact on the 
manufacturing system engineering process in the extended enterprise environment. 
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1 MANUFACTURING SYSTEM ENGINEERING 

Manufacturing Systems Engineering (MSE) is a recently recognized multi- 
disciplinary engineering function covering all traditional forms of engineering 
concerned with production: it ranges from design of manufacturing systems, to 
logistics design, to flow control philosophy selection, to production organization. 
Recently the need for frequent restructuring of manufacturing systems, for new 
faster product-to-market cycles and for planning facilities of the extended 
enterprise is calling for MSE process optimization. Surprisingly in this important 
area a comprehensive information technology (IT) support is still missing (Garetti 
and Bartolotta, 1995). In this context, an EC project is ongoing to study, develop 
and prototypically test a software system enabling the management, on a distributed 
environment, of the manufacturing systems design process. 



2 MSE IN THE EXTENDED ENTEPRISE 

The diffusion of the concept of extended enterprise greatly enhances the importance 
of a well supported process in the manufacturing systems engineering area. 
Globalization is bringing about the integration and coordination of the 
internationally distributed facilities and capabilities of a single company into a 
coherent global production resource, in order to achieve powerful competitive 
advantages in the process. This trend towards integration pushes many manufac- 
turing companies with distributed plants to define a standardized and integrated 
approach to the manufacturing system engineering process for all the plants of the 
company. In fact the planning of remote facilities and the updating of their structure 
strongly require a sound integration among the design processes at the various sites, 
to get optimizations coming from the integrated view of the whole system. 

Today the availability of information technology and telecommunication products 
supports distributed working and enables coordination and collaboration among 
several design teams located in different geographical sites, regardless of their 
physical location. 

It is evident that this widened approach to manufacturing system design firstly 
requires a deep analysis and reengineering of the MSE process, in order to establish 
the design issues of an integrated workbench able to support the approach. 



3 STATE OF THE ART OF THE MSE PROCESS 

While in the product design area CAD/CAM/CAE technologies provide a powerful 
and comprehensive support to the design process, and in the production 
management area a lot of IT tools are supporting the production planning process, a 
lack does exist in the MSE area where a single approach is not available yet. 
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offering a complete framework (a ‘platform’) to handle the brain intensive work of 
designing a modem manufacturing system: so, at a large extent, the MSE process 
continues to be left to the intuitive judgement of the production managers' mind. 

In the meantime, production decentralization and internationalization of enter- 
prises, involving remote plants and distributed engineering offices, all stress the 
importance of a standardized and integrated approach to the MSE process. Last but 
not least, the absence of a MSE platform means the lack of a method to store 
suitably the manufacturing system architecture, entailing a missing link between 
product design and production management processes (while these processes 
structurally share a great amount of data with the MSE process). 



4 DESIGN ISSUES OF THE MSE WORKBENCH 

4.1 Modelling and re-engineering of the MSE process 

The objective to enhance the production engineer's work productivity can be 
achieved through the use of a suitable computer-aided workbench able to provide a 
support in the MSE process. 

This workbench must provide all the functionalities needed during the design 
process and support distributed working, which typically characterizes of the design 
activities. Therefore it represents an integration environment, where all the tools 
supporting the design of manufacturing systems are integrated in a common 
framework; of course, all the functionalities and information of the system must be 
accessed and managed by the design teams distributed across a company. 

According to these principles, an analysis of the entire MSE process has been 
performed according to a model-based approach: referring to an industrial case- 
study (Rabe et al., 1997), subprocesses were identified and each subprocess was 
modeled in terms of input-output specifications (Mertins and Jochem, 1992). The 
analysis gave the opportunity to identify the most important process weaknesses 
and to define a re-engineered MSE process which can be effectively supported by a 
computer-aided workbench: these requirements lead to the definition of the 
functionalities, tools, data structures and information needed during the re- 
engineered design process. 

4.2 Formal representation of manufacturing systems 

In order to effectively support the designer in the MSE process and to provide all 
the required functionalities, the software workbench assists in the construction of 
different models of the manufacturing system. In fact, within the workbench 
environment, the manufacturing systems design process is seen as carried out in 
some steps, where several models of the manufacturing system are generated and 
evaluated and a satisfying solution is identified through an iterative process. 
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The descriptive method we propose allows to define a structured representation of 
manufacturing systems (that we called manufacturing entity structure, MES), 
which is a structure of objects, where the entities (building blocks), their attributes 
and the relationships among the entities are defined, thus providing a standardized 
data format for the description of manufacturing systems. 

According to the descriptive method, the representation of manufacturing systems 
can be structured into three different aspects: 

• The structural aspect: it contains the structural (static) definition of the system, 
including workers, production facilities (including tools, jigs and fixtures), 
material handling equipment and other supplementary devices. 

• The technological aspect: it defines the transformational (functional) view of the 
system, considering the conversion process of the factors of production. 

• The management aspect defines the operating procedures of production, 
constituting the so-called management cycle, i.e. planning, implementation and 
control. 

Each aspect only captures some features of the manufacturing system reality, 
whereas the whole system is exhaustively described putting the three aspects 
together. The manufacturing entity structure contains the building blocks for the 
modelling of all the three aspects explained above. 

As regards the implementation of the descriptive method, the object-oriented 
approach presents characteristics that make it particularly suitable to meet the 
requirements of the manufacturing entity structure (Bartolotta and Garetti, 1996). 

This descriptive method also provides the semantic unification necessary for the 
sharing of information among the different tools/models that have to be integrated. 
Around this ‘basic stone’, all other elements follow: 

• the integration platform linking together already existing MSE tools; 

• the new organizational model of the MSE process; 

• the integration link between product design and production management. 

4.3 The workbench logical architecture 

In Figure 1, the logical architecture of a workbench implementing the descriptive 
method is reported. The kernel of the system, named CAMSE (Computer-Aided 
Manufacturing Systems Engineering), contains a series of logical modules corres- 
ponding to the functionalities provided by the system. Accordingly, the logical 
architecture should be seen as a set of tools the designer will freely use in his 
activity. The system also includes interfaces to external systems (in particular CAD 
and simulation). Let’s illustrate this picture considering the involved data structures 
first and the logical modules performing the various functions afterwards. 
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Figure 1 The system logical architecture. 



Data structures 

Two different data structures have been depicted in the logical architecture: the 
system database, internal, and the technical information catalogue, external to 
the system. 

The system database is composed of two parts: the persistent part of the database 
stores the manufacturing entity structure (MBS), i.e. all the building blocks (object 
classes) which are used to build the different models of any manufacturing system, 
while the temporary part of the database contains the models, called 
manufacturing system models (MSM), built or stored the design process 
instancing the MES classes. 

The manufacturing system model is the object model of the manufacturing 
system, of which two different views are foreseen: i) the system logical view 
(SLV), representing the logical view of the manufacturing system model in terms 
of logical objects and relationships among them (described selecting and linking 
symbolic icons representing machines, handling systems and other plant elements 
from a ‘catalogue’ of objects); ii) the rough layout view (RLV) representing the 
physical layout of the manufacturing system, obtained embedding the logical view 
with further data related to the physical dimension of the plant components, and 
visualizing the manufacturing system to scale, as in a sort of CAD system. 
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The Technical Information Catalogue is an archive of information on manufac- 
turing systems, subsystems and components stored in different formats, such as an 
electronic format, or as a pointer to traditional archives (folders, floppy disks, etc.), 
provided as a consulting support for designers. 

Logical modules 

The following is the list of main modules obtained identifying the needs of MSE. 

A. Design 

Within the design module, the following modules are established: 

• a system flow analysis (SFA) module, that, starting from data on products to be 
manufactured in the production system (production mix, bills of material and 
process plans), allows the generation of the model of the production flow within 
the manufacturing system; 

• a model building and updating (MBU) module, which supports the designer in 
the construction of the manufacturing system models, providing him with an 
user-friendly interface for selecting and linking objects from a catalogue realized 
through an object-oriented database. 

B. Storage and retrieval of Components 

This module allows to store and retrieve information about manufacturing systems, 
subsystems, single plant components. Besides it must provide the designer with the 
possibility to enrich the content of the database using industry-specific libraries of 
plant components. 

C. Evaluation of Manufacturing systems Models 

This module allows both the interfacing of the system to commercial off-the-shelf 
systems, like queue theory or simulation tools, and contains sub-modules (tools) 
able to evaluate the performances of the manufacturing system models. 

D. Estimate and control of plant costs 

The module allows to estimate the costs of the designed production system. 

E. Report on System Data 

The module makes information available in output, as tables, graphs and figures, so 
to be used by management systems, such as procurement, detailed design, etc. 
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5 THE ROLE OF THE WORKBENCH IN THE EXTENDED 
ENTERPRISE 

The efficiency and potentiality of the software workbench can be used to support 
and manage the MSE process of extended enterprises. This can be achieved 
exploiting the standardization action performed by the descriptive method used in 
the workbench enabling the coordinate work of many design teams located in 
different sites. 

5.1 IT technologies supporting the Extended Enterprise 

The managing of the MSE process for the extended enterprise is made possible by 
the availability of computer networking and telecommunication technologies, 
which enable to synthesize geographically dispersed knowledge, information and 
expertise. As known, Web technologies allow the visibility and distribution of 
information and services at a low cost and on any platform. The Web provides a 
non proprietary environment, which presents no constraints on the type of data 
managed and on the modes of insertion, modification and consultation of data. 
Furthermore, it allows to manage extended data types: multimedia data, from 
alphanumeric to formatted texts and images, HTML files, audio and video, VRML 
files. 

It is therefore possible to organize Web sites supporting multimedia data, like 
text, sounds, graphics, etc., which can be easily updated, and are quite inexpensive 
to maintain. Other services provided by the net such as electronic mail, fax, internet 
phone, file transfer through FTP, videoconferencing, etc. are also useful for 
supporting cooperative activities and teamwork together with specific groupware 
applications which are also available in the Web. 

In conclusion the WWW technologies offer services and information at a low 
cost, in an open environment, multimedia and independent of the platform and thus 
represent an interesting technological solution to manage Extended Enterprises. 

5.2 The performances of the ‘extended’ workbench 

The integration of the software workbench within the Web, whether INTERNET, 
or a company network (INTRANET), gives the possibility to access to all the 
information and services available in the network, makes it easier to communicate 
and share data among different design teams using the workbench and promotes 
also the cooperation with external partners, such as suppliers of plant components 
or third parties designers. 

It is evident that the activities of design of a manufacturing system can be greatly 
speeded up and improved if an easy retrieval and access to data used during the 
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process and an effective exchange of information among the design teams is 
provided. 

As widely described in the previous section, the workbench includes two 
databases storing all the information and data structures used during the design 
process: the system database and the technical information catalog. 

The temporary part of the system database (MSM) allows to store models of 
manufacturing systems related to former and ongoing design projects. Therefore, if 
the workbench is integrated within the Web, the databases of the various 
workbenches can be seen as a distributed database containing the archive of the 
updated configurations of all the existing plants of a company, located in different 
geographical sites; the archive, accessible by all the design teams through the 
network, represents a standardization and integration element within the company. 
Besides, plant configurations adopted in different plants, which are stored in the 
database, can be easily consulted during the design activity and properly re-used in 
models of new plants under construction, thus improving the development time and 
the quality of the design. 

The technical information catalogue (TIC) contains data on plant components, 
coming from different sources, which are typically consulted during the design 
activity. Therefore the integration of this database into the Web enables to manage 
this kind of data in a non proprietary environment, providing an easy access to 
them. It is also possible to organize Web sites containing all these generic 
information: for instance, sites including electronic catalogues, constantly updated, 
of all the plant components produced by a certain supplier, including text and non 
text material, sounds, graphics, videoclips, etc. 

The MSE process can be greatly improved by an efficient exchange of 
information among the engineering teams involved in the design activities. To this 
aim, the integration of the workbench within the Web allows the design teams to 
communicate and exchange data and information by using the services and the tools 
available in the network supporting information flow, such as electronic mail, 
internet phone, file transfer through FTP, videoconferencing, etc. These tools allow 
interaction among remote engineering teams and also collaboration with external 
partners, such as suppliers of plant components. 

The design process can be supported also by the use of specific tools managing 
cooperative activities and supporting teamwork, available in the network. These 
tools allow to have a shared management of information on ongoing projects: 
designers can consult information on the current project, check its advancement 
status, organize working groups on parts of the project. 



6 EXPECTED BENEFITS 

The benefits expected from the use of the software workbench in the extended 
enterprise environment are: 
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to reduce the effort of creating and evaluating the model of a manufactu- 
ring system: a large library of reusable plant components and subsystems could 
be created, where a manufacturing company could store also the plant 
configurations adopted in different plants; then the model of a new 
manufacturing system will be developed by properly selecting previously stored 
objects from the library, thus reducing the development time and improving the 
quality of design; 

to enforce standardization in manufacturing system design: the common 
descriptive method of the software workbench will be the same for all the 
design teams of a company. Therefore it represents a standardization element, 
urging the designers to choose standard components during the project 
development; 

to enhance coherence and coordination among different engineering teams., 

whether they will be dislocated in different geographical sites (multi-site 
design), or they will be working, in a design site, on modules of the same 
manufacturing system: in fact, referring to a common (even if distributed) 
database including the updated configurations of all the existing plants of a 
company geographically distributed described with the same standard method, 
every design team will have easy access to projects developed by other teams; 
the database thus represents an integration element, allowing to have a general 
view of all the plants and the alignment of information. Besides coordination of 
work among different design teams can be further enhanced by the use of 
specific communication tools which are available in the network; 
to reduce the time spent in re-design and reconfiguration of manufacturing 
systems: once made the one-time strain of creating the initial base models of all 
manufacturing systems of a company, the incremental effort to make a change 
in a current plant, such as the introduction of a new machine, will be slight, 
thank to the possibility to utilize and update the model previously stored; 
to minimize the retro-fitting and fine tuning associated with implemen- 
tation of a manufacturing system: the possibility to carry out a fast computer- 
aided analysis and evaluation of the designer’s idea will entail presumably a 
better-quality solution; 

to reduce inconsistency and redundancy of manufacturing system data: 

during the development of the manufacturing system engineering process, the 
same common base representation will be employed, after properly translation, 
by the different modeling tools; this representation, starting from a conceptual 
configuration, will be progressively detailed as the design process evolves. 
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